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OPENCAST PROSPECTS IN THE HUNTLY AND 
WAITEWHENA COALFIELDS 

By II Fj. Fyke, (It-oloaical .Survey, and P. M. Outhwatte, Mines Ue[)artnient 

\Hecpirfi1 for pubjiration, 20th Jvnpy 1U4)\ 

Summary 

The paper contains a brief account of areas in the Hiintly and Waite wheiia 
coalfields suitable for opencast mining by bulldozer and carry-all equipment. 
Some of the areas described are now exhausted and others are being developed. 

Opencast mining is fundamentally a problem of earth shifting and disposal, 
and up to the present time the scope of stripping operations in New Zealand has 
been determined by the available mechanical equipment : a \\ider application 
of opencast methods would involve much heavier and mori* costly machinery 
than is now available in this country and N\ould also necessitate quantity 
surveys ovtt wider areas, in conjunction with extensive boring programmes. 

This major aspect of opiaicasting is a hmg-term project and offers no 
immediate relief for the coal shortage in the North Island, but may follow 
as a n*sult of the present experience in opencasting throughout New Zealand. 


TnTROT)U(JTTON 

To siipjileinent the coal-suf)j)lies from estnhlished iniues in the North Island, 
areas likidy to contain strippable coal were investijzated in thi* Huntly and 
Waitewlu'na coalfields. Though little is known of tin* ])rol)al)le northward 
extension of the Huntly field, a considerable amount of information is 
available regarding its southern or outcrop jiortion, in whieli all th(‘ mines 
of the Waikato are now ojierating or have been situated in the jiasr. 
Naturally, the best or most obvious areas of workable coal handy to access 
are first worked in any coalfield, and Huntly is no (‘xception ; but the 
stage lias now been reached when the outcrop fiortion of this field is, with 
the i‘Xcej)tion of parts held by the Taujiiri Coal-mines, Ltd., fully develojied 
and pillars are extracted over much of the workable area. Outcro])s in this 
coalfield are not abundant, and the coal oxidizes and weathers deeply to 
an end product that is indistinguishable from the associated strata. Apart 
from one area at Glen Afton, isolated from the main workings of Pukemiro 
Collieries, but knowm, from borehole information, to contain 70,()(X) tons of 
coal, additional areas had of necessity to be sought adjacent to, or as possible 
extensions of, known workings where depth of overburden was not excessive. 
There are two areas handy to Huntly containing strippable coal ; these 
are the Waikato Extended area, from which the first coal of the Waikato 
was won from the Kupakju^ Mine, aijd the Taupiri East area. 


1— Science. 
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Huntly Coalfield 

Taupiri Eaat Area . — The Taupiri East area of coal-measures is at the 
south eud of Lake Kimihia, from under which 337, (XX) tons of /*Dal wen^ 
won up to 1910 in developing the Taujuri Reserve Mine. This mine is now 
closed and the workings are flooded. Since 1910 about 50, (KX) tons have 
been won from the up})er part of the mine and the adjaceuf lake-shore. 
Two f>ther small areas were worked at the south (*nd of this patch, on on(‘ 
of which is the Kimihia No. 4 opencast workings. 

A major scheme for the recovery of coal standing in jiillars at the 
Taujiiri Reserve Mine was proposed by Mr. R. Schoen, of the Mines 
l)e])artment, entailing the flumping of tlu' lak(‘ and tluTeby removing any 
danger of flooding the mine when the country caved with pillar-extraction. 
The profiosal was investigated by the Public Works Defiartniimt, and though 
economically sound, the sclunne ofTen'd no imnu'diate n‘Iief from th(' acute 
coal shortage then facing th(‘ country ; furthtu*, there was an elenuMit of 
risk, as tlu* ground between the lake and the AVaikato consists of puniici* 
silt, and in the ev^ent of considiu-abh* seepage from the river back into th(‘ 
lake basin the scherm^ might prove unworkable. A considerablv inoditii'd 
scheme was subseipieiith umhutaken bv Downer and , litd , to nM’ovm- 
some of the shallowin’ coal undin* the south end of tlu' lake , tins mvolvi-d 
<‘uttmg off [lart of thi* lak(‘ with a stop-bank ami th(‘ subsiMpamt stripping 
of th(‘ (Miclosed ari'a and recovery of the coal bv a drag-lim‘. This pioiect 
IS now w'ell under wav, ami an ar(*a of 21 acre's has beim I'liclosi'd b\ an 
earth-work colTer-dam 30 ft. w ide at th(‘ top and batti'H'd at about h to 1. 
Some 71,000 \ards of spoil w'as us(*d in thi' construction of this stoj)-bank, 
w'hich was so consolidated bv tin* *ractors and (‘arrv-alls used m its 
construction as to In* comjilciely W'ater-tight . It. is (‘Xp(*ct(*d that 1(K),0<K) 
tons of coal will lx* won from this No. 1 Opencast. 

Mr. R. T. 11. Dale, Jnsjiector of (Vial-nnnes, has suggesti'd that much 
of the shallow' coal around HuntIv that can m*V(‘r be won bv orthodox 
imnmg ni(*thods Ix'causi* of the danger of the thin mudstom* roof collapsing 
and allowing the ovi*rlying w'ater-logge*d fuimice* silts to flood tin* workings, 
as has hapfiened in the fiast m tin* abamloin'd Taupiri Kxte'nded Mnn*,* 
could be* reco\'er(‘(i by eire*eigmg. 

It was kimwii fre>m elrill re'ceu'els that eluring the l*h*istocem* the ceial 
had bee*n e*reHleel freun an ar(*a }M*twe-en lake's Ilakaima ami Kimihia ; and 
the* si^am at the toji of the elip in the* Taupiri Last Mine* is cut eiff bv an eild 
ereisiem surfae*e* and e)verlani by eh*compe)se*el pumice* eif Ple*iste)ce*m* age* that 
fllleel ancie'iit valle*ys eluring a pe*rmel eif de*prcssn)n ; this elecompe)se*ei pumie*e* 
crops emt at f)lac(*s aleing the- lake'-shore* we*st eif the* mine* ami feirms much 
of the hill cenintry betw^^e'ii the two lakes. J.(ater than this pe*rie)el eif e*rosie)n 
there was at least another ami probabh se*ve*ral pe*rie)els when some part 
of the seam w’as being eroded by the stre*ams eluring eieiwm-cutting feilleiw ing 
elevatieiii of the* lanel ; the*. se*am at the fan shaft ” of the Taufiiri Re*serve 
Mine IS ove*rlam bv emly a feieit of fireclay, fe)lle)we*el by fiumie'e* silts eif late 
Ph*isteK*e*m* or Rec(*nt age*. Other [larts of the seam w^e‘re jireibably e*roele*d 
at this jie'riod as well as at succ(»(*ding [leriods of ])art-base-lev(dlingt. 
Faulting eif a. mimir orele*r, but sufficient to introduce diffi(mltie*s in stripjung, 
are almost impossible* to recognize on account of the deep mantle of 
weathered re)e*k ami the paucity of outcrops. To obtain some id(*a eif the 

* SlaiHrNf'ttl, ISSS; C-4, p. 2; /W., I9D), p. <)-4. 

t For an account of the physiographic devehipnicnt of the lower Waikato liasin, 
see iT. Henderson and J.,. I. Grange, Bull. No. 2S, N.Z.G.S,, “The G<*ology of the Hiintly- 
Kawhia Subdivision,” 1920, pp. 20-29. 
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probable extent of coal-bearing ground, the Air Mapping Branch of Lands 
and Survey Department kindly prepared a bO-ft. -interval contour inaj) of 
the area south of Lake Kimihia, using the lake-shore as datum ; the 
intersection of these contours with corresponding structure contour of the 
coal-seam, prepared on the assumption that the strike of the coal did not 
differ markedly from that of the seam of the Taupiri Reserve Mine and 
that the dip was constant from the lake-shore to two outcrops at the south 
end of the area, permitted the blind outcrop of the seam to be drawn and 
suitabl(» localities for drill-holes to be chosen. The drill-log showed that 
over much of the area, erosion and faulting of the seam ))rohibit the 
development ot any extensive stripjuug area, but }>roved two small patches 
of strippable coal ; one, the Kimihia No. 4 Opencast, estimated to contain 
40,()CK) tons, had produced 3(),8fK) tons up to December, 1944 ; the oth(U', 
known as No. 2 Opencast, is now in production and contains from 10,()rx) 
tons to 15,000 tons of coal. It is iii a small spur some 10 chains south of 
No. 1. 

A featur(‘ partly revealed by the bores and further disclosed by the 
stri])])ing is the extent to which the coal weathers to a br()wnish-l)lack 
])owder on the roof, and in from the outcrop, where subjected to p(*rcolatmg 
water ; one drill-hole showed 10 ft. of hard coal on the floor overlain by 
10 ft. of j)owdery coal ; and at the south-west corner of the area, where 
the whole seam, under about 20 ft. of cover is a clwiin across, tlie coal is 
completely powd(*red. 

Waikato Extended. Both the East Taupiri and Waikato Exteiulinl 
areas show ])atches of clay boulders bak(‘d by the liurning of the seam in 
some prehistoric fire. What thickness of thii s(*am was consumed by these 
fires is unknown, but in no case has it been established that tin* euihv 
thickness of it was involved. This baked clay shows at th(‘ bins of th(‘ 
Waikato Extended Mine, and blocks of it can be traced on the hillside 
in jdaces where the seam is at little depth bi'low the surfac(‘, almost as far 
south as the abandoned workings on the hilltop. The seam dips north- 
westwards more or less in conformity with the gentler slopes adjac(‘nt to 
the mine, and northwards, apart from minor faults and some erosion of the 
coal, the seam is coiitiiiuous with that of the i)ld Taupiri West workings. 
West of the Waikato Colliery’s abandoned working, which, so far as can be 
judged from the unoriented ])lan of that mine, occupied about 23 acres 
immediately w^est of the jiresimt Waikato Extended Mine, is an area approxi- 
mately of 5 acres that may contain strijipable coal. A small cut at the 
south of this area shows b ft. of clean coal, and in the neighbouring Waikato 
Extended Mine the seam is more than 10 ft. thick. 

Some boring and prospecting has recently been carri(*d out by the Roose 
Shi]>ping Co. on the flat area between the present Waikato Extended Mine 
ancl Mr. Fisher’s residence, and it is understood that a 30 ft. seam has been 
])roved thinning out to the east and north. Details of this area an^ not 
available as yet, but there are inrlications that the Roosts Shipjiing Co. is 
making arrangements to work this area in the near future. 

Rotowaro. -There are two areas, handy to Rotowaro, lield by tlie Taupiri 
Mines, Ltd., that are worth investigating as stripjiing propositions. They 
are denoted on the map as A and B, The former is contained between 
two meridional faults, and it extends south to the grey wacke-coal -measure 
contact. The -coal -measures apparently dip to the north, but at the 6 ft. 
outcrop, close by a power-line pole some 38 chains due south of the road 
bridge over Awaroa Stream, are practically flat-lying. Locally this is known 
as Crooks’s outcrop. Southward from this the coal-measures apparently 
Else gently. 
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Much of this area is of low rtilief, and is surrounded on the north, east, 
and west by swam])y ground, so that disj)osal of s])oil may prohibit 
extensive strip})ing ; about 30 chains or 40 chains of roading would also 
be retjuircd. There may, however, be sufficient coal to warrant stripping, 
but until one or two bores are [)ut down it is a problematical stripping 
pro])osition. 

Area B comprises about 130 acres and is ajiparently jiart of a more 
extensive area of coal-measures. Three outcr()})s of coal an* known, one 
showing (>ft.-f of cl(*an coal in a small branch of a tributary of Te Wha 
Stream, the other showing 7 ft.-j of coal which forms a small waterfall 
111 the main tributarv. This latter outcrop shf>ws “ blolis ” of iron-stained 
dirty coal about 3 ft. in dianu'ter which ajiparently represent crush(‘d jiatches 
discoloured by j)(*rcolatmg solutions : the surrounding coal is clean, liright. 
and hard. It is just jiossible that a minor fault determines tin* meridional 
(iourse of this tributarv and that the coal underlying it is similarly dirtv ; 
but it is not anticipat(*d that these dirty ]uitches are ext(msiv(‘. The third 
outcrop shows dirty, unworkable coal. 

Th(‘ contours show that there is ample room for disposal of overburden 
in the Mangakotukutuku valh»y, but tin* lead would be (*xcessive for 
dis]>osal of all the spoil th(‘re : in the tributarv of Te Wha Stream, 
facilities for s[)oil (lisjxisal are not so good. 

Data are too scant to give any I'stimate of the stripjiabh* coal either 
of tlu'se areas may contain, a, ml j)rosp(‘ctmg is essential before any work 
is done. If it be assumed that an^a. B contains an avi'rage of fi ft. of coal 
over 130 acres, it contains over 1,(KK),()CKJ tons. 

Glen Afton Opencast. This is an area of 7 acres adjacent to abandoned 
(Hen Afton workings that had ])reviously been drilled bv the Pukemiro 
(\dlieri(‘s, but is isolat(*d from the workings of that companv by a patch 
of thin coal. Th(' ratio of overiuirden to coal is 5 to J over the strippabl(‘ 
area, which is handy to the railway, being within a few chains of the (Jlen 
Afton backshunt, an (extension of which was taken to the ojiencast. The 
ov^erburden, consisting of mudstone and fireclay, nMpiires little shooting 
and is removed bv J).?L 8 Diesel-driven tractors and carry-alls of 12 cubic 
yards capacity, tin* average lead being 1 1 chains to a hillside waste-dump. 

Wlieii work began at this opencast tin* coal was lift(*d straight from 
the face into the wagon, the shovel being large enough to do this without 
shooting the coal. In this way a very good sample of run-of-mim* coal 
was jiroduco.d. At other ojiencast mines, when* generally an K.B. 10, 
J yard, shovt*! is used, it is found that without some shooting the wear- 
and-tear on the shovel becomes excessive and n* pairs freijiient and costly. 

As the hice advanced from the railway-line and to provide urgently 
needed slack for industry, a simple type of bar screen to make small coal 
and domestic coal was Imilt ; the coal was rooted from the face with an 
angle dozer and furth(*r broken by pushing the coal so won to the screen, 
where it was elevated with the shovel and the separat(*d classes of coal 
allow(*d to run into the wagons. 

Up to the time that the mine closed for tin* winter in May of 1944, 
10,600 tons had been produced. 

On reopening in December last, the loading system was reorganized by 
shifting the screen to an elevated point near the towmship end of the mine, 
by removing the railway-line which was dipping into the mine property, 
^nd by constructing a properly graded loop at the screen. The coal is 
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load(id from the face without shooting by the E-.B. 20 shovel into 2 yard 
Dodge dump cars, which are well suited to this class of work, and tipped 
on to a chute from which the coal is screened. The writer has not seen 
better-screened coal than that prepared by this simple arrangement, though 
the screening was affected to some extent in the wet weather. A total of 
2,600 tons was railed during the latter part of December, and given average 
weather during the remainder of the year, good results should be had from 
this mine. 

Dawsoyi's Lool'out, Glen Massey. This area of roughly 240 acres of coal- 
measures is about two miles west from CTlen IVIassey Railway-station on the 
south side of the only road leading in that direction. The geological ma]) 
of Newcastle Survey District shows the coal-measures bounded bv two 
meridional faults capping the ridge between the headwatt^rs of Ohautira 
and Paiakahauhau streams. Two ])rominences surmount this oth(‘rwis(* 
fairly ev(m-topj)ed ridge ; the one by the road is known as the Lookout, 
the other, a mile south, as the Sugarloaf. About 60 chains south of this 
are the workings of Wilton Collieries No. 2 Mine. Four outcrops of coal 
are recorded on the ma]), the most northerly of which shows (> ft. of (‘ojil, 
but this outcro]) was not relocated. Forty chains east of it the seam is 
only 1 ft. thick, and outcro])S along this eastern sid(‘ of tlu* ridge show (jiilv 
stony or thin coal coinciding with a barren ])atch extending through th«* 
Wilton Collieries area. Thirty chains south-west of the Sugarloaf are two 
outcrojis showing 5 ft. 6 in. of coal. Throughout the area the coal-measures, 
consisting of mudstones with a resistant glauconitic sandstone band about 
35 ft. above the coal-s(*am, dip gently westwards, and the topography is 
ideal for ready disjiosal of spoil. Apart from tin* necessity of proving the 
amount of overburden, the area recpiired boring to show tin* ext(*nt of 
workable coal. A ready method for estimating tin* amount of overburd(‘n 
was afforded by aerial photos. The glauconitic sandstom*, which shows 
up clearly on the photos, was assumed as horizontally bedded, and using 
the base of this stratum as datum the Aerial Mapjiing Branch of the Ijands 
and Survey Dejiartment kindly ran form lira's at 50 ft. intervals; a rough 
estimate gave the av(*rag(‘ thickness of overburden between the two high 
points on the ridge as 90 ft. A drill-hole 24 chains S. 33" W. from tln^ 
Lookout firoved KM) ft. of overburden on 6 ft. of coal ; another hoh* 
44| chains S. 27 ' W. from the Jjookout jiroved 80 ft. of overburden on 
split, dirty coal. These two holes are sufficient to show that the overburdt'ii 
ov(*r most of the area, if not over the whoh*, is excessive for strijiping, 
though some coal will ultimately be won from it by normal mining methotls 
from the ])resent Wilton workings. 

Kemp's Area . — An area of 57 acres om* mile and a half south of (Trleii 
Massey, in which the coal-measures dip gently to the south-west, has been 
proved by twelve bores. Three coal-seams are present, of an average 
thickness of 1 ft. 8 in., 4 ft., and 6ft.-| from to]) to bottom. The maximum 
thickness of ovt*rburden above the to]) seam encountered in f)ros])(*cting 
is 30 ft. ; tin* mudstone between the top and middle seams averages 10 ft., 
and between the middle and bottom seams 12 ft. Estimates taken out 
by Mr. T. L. Browne give a ratio of 6-2 yards of spoil per ton of coal for 
the recovery of 480,000 tons of coal. Overburden amounting to 414,(KK> 
cubic? yards has now been removed from a section of the top seam and a 
smaller section of the mid seam, and a start has been made to ])re}jare the 
bottom seam for working along its outcroj). 

In late December, 3, OCX) tons were produced from the two top seams 
near their outcrops, where the seam is thinner than usual and somewhat 
friable. Conseciuently, an excessive amount of small coal was produced^ 



7 


1945] Fyfe and Outhwaite.— Opencast Prospects tn the 
Huntly and Wattewhena Coalfields 

thou^!;h thc^ screened product was of excellent (jualitv and well prepared 
for the market. All the slack so made was readilv .‘i,cc(‘])ted hy consumers. 

In general, it mav^ be stated that the screening of o})encast coal imf)rove8 
the product from the consumcT’s point of view, and in future no opcmcast 
areas should be worked without f)rovisions Ixung made* for such processing. 

Beehive Area. -This small area south of Dawson’s Road, Olen Massey, 
was previously workcxl bv Waipa Collieries, and to (‘ase the coal position 
a stri}) about I chain wide bv 10 chains long was worked. The Waipa 
Collieries had formed their pillars right up to the outcrop, and these pillars 
had been split and robbcxl, Icxiving the nnninium amount of coal neerssarv 
for safe underground mining ; but it was still possible to recover safedy 
this abandonc'd coal bv “taking the to)) off” LJnfortunatelv, the sidelong 
countrv is rising so st(*eply that it was not possible' to recover more than 
4,0(M) tons of coal without the* ovcrburdi'ii becoming <'\cessiv(‘. 

W ATT'E w h e X A Cc ) A L K n-: M ) 

'Fhe ce'ntrc of the' Waitc'whena (\)altiel(l is 12i miles up Waitc'wheiia 
Stn*am from Ohura Township, and access is provided by a narrow mctallc'd 
road h'ading to Ana. This road is the* botth'-neck for jiroduction from the 
tic'ld, which will not Ik'couk* an impoitant coal -producer till railwav acce'ss 
is j)ro\idcd. The gc'ologv of tin* coalfield is we'll known and is describe'd 
})y (Jrange, who incor]M)iMte‘d the earlie'r w'ork of Oiiglev in the bulletin on 
“ The* Tonga porutu-Ohnra Subelivisnni." The're* arv no unde*rground 
■workings. A fe'W’ are'as fairly handv to the road are* w’orth m\a*^tigating 
as strijiping jiroposition*', chie*fl\ te) (le‘te*inim<‘ the* amount of ove*rburelen, 
for coal outcrojis art* iiume'rous, the' stnuture, apart from the* majoi faults 
alrt'aely mapped, is not com|)licated bv folels and faults, aiiel the' seam 
maintains its he'ight and fre*e‘(lom fremi dirt eir stone* banels, so that the e*e)al 
at the* euitcreip is a reliable* indie*ation of what tin* se'aiii will be* like* o chains 
or 10 e*bains uinlcr cover. 

Lee Lfeek. Ja'e* (h‘e*e*k is a small stre*am joining tin* Waite'wdiena freun 
the W’e'st 70 e*hams neirth-west from Hapu Trig. The* se'am, in busheel 
country, is at le*ast 12 ft. thie*k liere* and may, as sugge'sted bv Onglev’s 
obse*rvations, be* as much as 251’). thie*k, provided it is ne.>t re*pe'ated by 
minor faulting. Tin* enitcreij) is within 20 e*bains of the roael and the aiva 
is ne)w^ being devt'leiped as a .stri])j)ing are*a from which iirexliiction can t*arly 
be* e.X])e*ctcei. 

Mfunjarohe Strefun. -Four e)ulcro|>s areiunel the spur enel ein the north 
siele e)f Manga rohe Stream show a height e)f e*oal ranging freim b ft. to J2 it. ; 
at twe) of the enitcrops the* ceial is 10 ft. thick. The area is ein the* e'ast siele 
of the Waitcwheiia Fault anel ceivers about li acres. It an average luught 
of ceial of 9 ft. is assunu'el for the se'am threnigheiiit, therti is about 20,000 
tons of coal m the grounel. 

The're is a knob on the south side of Mangaroln* Stream, 30 chains 
South- wu'st from Ijce Creek and also eaist of the Waite* wdiena Fault. Well- 
spactMi outcro})s around this knob show^ that it- is underlain by a coal-seaiu 
at least 8 ft. and possibly as much as 20 ft thick. The eiverburde'n does 
not apjiear excessive for strip[>ing, but becomes heav'y about the centre 
of the jiatch. 

At the same locality, but west of the fault and downthrown roughly 
100 ft., the seam may prove to be as much as 19| ft. thick ; there appears 
to be at least 4 acriis of strij)))able coal in these tw'o latter areas. 

On the north side of the Maugarohe valley the coal for 2 chains or 
3 chains back from the outcrop and for roughly 5 chains along it has only 
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a shallow cover, just a few feet at the outcrop, but making to greater 
thickness to the back ; the seam here is at least 10 ft. or 12 ft. thick. 
This area is bushed, about half a mile from the road, and roughly 200 ft. 
above the main stream. A mile or so to the north of this are areas of 
terrace ” country in which the seam is either close to the surface or at 
no great depth. 

Pura Stream , — A “ terrace ” 60 chains up Pura Stream is 20 chains long 
and 24 chains deep. It contains two seams, separated by lOft. to 15ft. of 
sandstone, the lower showing outcrops of not less than 6 ft. of coal and 
the upper 3 ft. An attempt to mine this area in the past was abandoned. 
The Mines Statement for 1933 records that at the Fern brook Mine a 
seam of coal 6 ft. thick is being devel()[)ed on a level course to the north. 
The coal is of good quality . . Barometric heights givci a maximum 

overburden, including the strata between the seams, of 95 ft. The terrace ” 
is really a dip-slope gently inclined to the north-west, so that the average 
overburden is not likely to be much less than the maximum. If there is 
95 ft. of overburden and a total of 9 ft. of coal, the ratio of overburden 
to coal is 11*5 cubic yards per ton. Areas with such a high ratio have not 
yet been stripped in New Zealand and could not be economically worktid 
with the available equij)ment ; nor is the area larger enough to warrant 
expenditure on the machinery necessary to handle the spoil to th(‘ best 
advantage. One or two f)ros])ect bores are warranted to establish whether 
the overburden ratio is as heavy as the reconnaissance suggests. 


GEOLOGY OF COAL CREEK, ROSS 

By H. W. Wellman, N.Z. Geological Survey, Jlepartment of Scientific 
and Industrial Research 

[Received for puhluaUon, 7th May^ J945] 

Summary 

A brief description of the stratigraphy and structure^ of the area about (*oal 
(Vwk, Ros.s, is given. The coal-measures at the base contain bands of white 
quartz sands. These are d(*scribed in some detail, and the amount that can 
be economically stripped is estimated. 

In the appendix is set out the work carried out in the Dominion Laboratory 
on the sand, w^hich is not suitable for glassmaking, but may have value as a 
moulding-sand. 

Lo(;alitv 

Donnelly Creek is a large stream that fio'ws north from Mount Grecmland 
past the Township of Ross to the Totara River about a mile from the .s(*a. 
Coal Creek is a small, west-flowing tributary of Donnelly Creek, which it 
joins half a mile south-east of the Ross-Hokitika Road. The road to the 
Ross Lime-(j[Ufirry leaves Ross oiqiosite the post-office and crosses Donnelly 
Creek by a bridge 20 chains from the mouth of Coal Creek. From the 
lime-quarry road a foot-track follows the side of a water-race leading from 
Donnelly Creek opposite the mouth of Coal Creek ; to this point road- 
construction would be easy. The construction of a road up Coal Creek 
would be less easy, but not difficult, for the flat valley floor has been worked 
for gold and is now covered with moderate-sized tailings. 

Although the valley of Coal Creek has been extensively worked for gold 
and was once cleared, the bush has since advanced to the mouth of the 
stream. 
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Stratigraphy 

There are few ex])osures in the bed of Coal Creek, but the valley walls 
which flank the flat bottom of the stream are steep, and solid rock is close 
to the surface for considerable distances. Near the mouth of Coal Creek 
on the east side of Donnedly Creek soft, steeply dif)ping glacial silts are well 
exposed, and similar material is poorly exposed in the lower part of Coal 
Creek. A few chains farther upstream the valley walls become steeper, 
and fossiliferous Waitotaran sands and silts can be seen, these beds being 
nearly vertical and striking at The contact between the Waitotaran 

beds and the glacial silts was not seen. The fossils are extremely poorly 
preserved, consisting of soft casts only. The contact between the sand- 
stone and the limestone that crosses the creek 7 chains upstream from its 
mouth is not exposed in the creek itself, but outcrops of the limestone and 
sandstone closely adjoin in the steej) north valley side, and a shallow 
excavation exposed the actual contact, which shows a smooth but 
undulating surface of limestone separated from the sandstone and siltstone 
by a narrow band of sandy conglomerate. This conglomerate is comf)osed 
almost entirely of fragments of high-grade schist and granites similar to 
that now exposed near the Alpine Fault, which, at its closest, is ten miles 
east of Ross. The limestone dips south at 35^ ; its exposed surhice is almost 
vertical and closely j)arallel to the bedding of the overlying sandstone, which 
strikes north-east. The interjiretation of this contact is not easy, but as 
ther(‘ is no (*vidence of slickensiding or crushing of the limestone, and as 
th(* limestone is immediately overlain by the sandy congloiiKTate, which 
is different from the sandstone higher in the setjuence, it seems probable 
that it is an unconformable sedimentary contact, but unusual in that the 
older beds are now less tilted than the younger ones. The structure 
according to the above interpretation is shown in the cross-section. 

Limestone . — No com])lete section through the limestone was seen, but 
the following dcvscrijition, which is deduced from scattered outcrops and 
loose blocks, is jirobably substantially corr(*ct. The u[)per jiart of the 
limestone is of good grade and similar to that worked in the lime-quarry 
2() chains to the north. The middle part farther up the creek is more impure, 
darker in colour, and contains scattered grains of glauconite. Both the 
u])per good-grade and the lower dark limestone contain not infrequent 
fossils, which do not weather out and cannot be easily sejiarated Ironi the 
hard matrix ; a collection (G.S. 3480) is described later. The limestone 
covers an area of about 50 acres north of Coal Creek, and has been mapped 
as far north as the head of Hodsoii Brook by Morgan (A\Z. Geol. Sure. Bull. 6, 
p. 104). It is being extensively worked for agricultural lime in the Ross 
Lime-(juarry. 

Greensaml . — The calcareous glauconite below the limestone also contains 
macrofossils and is soft enough to make it ])racticable to wash for fora- 
minifera. A sani[)lc was examined by Hr. Finlay, but the faunule is too 
poor to give a precise age determination. 

A noticeable feature of the greensand is the borings, about half an inch 
in diameter, that extend through the whole mass of the material. Th(i 
lower part of the greensand is exposed in a slip on the south side of Coal 
Creek almost opposite the mouth of the small branch stream, 30 chains from 
Donnelly Creek, in which the quartz sand was sampled, and can be seen 
to grade" into coarse glauconitic sandstone. This material is deeply weathered 
but contains a few macro-fossils (G.18. 3481, 3482). The sandstone exposed 
in tlie slip appears nearly horizontal, and a small outcro}) of muddy coarse 
sandstone at creek-level must be at least 50 ft. below the base of the green- 
sand. The greensand is comparatively soft and does not form conspicuous 
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outcrops ; it was seen in situ at only a few j>laces, but has been mapped 
as extending over a considerable area betwetm the limestone and the coal- 
nH‘asurt‘s. 

Coal-measures.— beds immediately bt‘neath the coarse sandstone 
are well exposed in the l)ranch stream. They consist of dark pyritic sand 
with bands of sub-angular y)ebbles of quartz, and rest on the white (piartz 
sand, which is described in greater detail later. The base of the T(»rtiary 
beds is not as well exposed in the branch cre(*k as it is in a slip on tlu'. south 
side of Coal Creek a few chains above the junction of the small tributary. 
Ji\ this slip, although the coal-measures have been overturned and now 
dip to the south, being apjiarently overlam by gr(‘ywacke, they are not crushed 
aiid the secpience is clear. The white <juaitz-saiid beds have about the 
same thickness as in the ])ranch creek and are underlain by carbonaceous 
sands and clay and an ini])ur(‘ seam of coal no more than 3 ft. m thickness. 
Th(i base of the coal-m(*asure rests on ereywacke which is both weathered 
and crushed. Approximate analysis of the coal made by Mr. W. Doherty, 
of the Stat<' Mine.^ 1 )epartni(‘nt, Greymouth, is as follows: 

Moisturo . . , . . . . . . . . 1:2 2 

\'ol;itile mattta- (noii-coking) .. .. .. .. 2U-() 

Fixed ciirboii .. .. .. .. .. . .‘19*3 

Ash .. . .. .. .. . 19*5 

I()0-0 

Tin' samole of coal analysed may hav(‘ been sulliciently vc'athered to 
increase slightly both the moisture and volatih* content. 

The grey\\ack(‘ and argillite under the coal-measures are exjiosed at the 
to]) of th(‘ slip in Coal Cr('(*k and in se\eral places in the branch creek. They 
form the nndi'rmass in tlu' Ross district, are many thousand f(‘et tlnck, 
and W(*n‘ mtenselv d(*fornied before the de])osition of the coal-measures. 
Wherev(*r sei'ii, the undermass is severely crushed, and is in ])laces so 
piilvt'iized that it now forms a tight pug which surrouinls the h'ss-crnshed 
fragiiK'iits. Th(‘ coal-nn'asures, even where overturned, are not crushed 
and show little internal evideiK'e of the deformation to which they have 
be(*n subjected. 

Age or Beds 

The macro-fossils have been examined by Dr. Marwick, who w^rites as 
follow’ s : 

(i.S ’i47!L — lj{‘ai‘hed soft s.iiidsttMie. (’oal Gm'k. 5 oh.uns tVoiu Doniirlly Cn*ek. 

Mao) i ntartta .sj). 

AultsttJartmn sp. 

Only casts remain, but since both forms arc common in tin* Waitolaran of Hokitika 
ibstrjct, t)i<*y can ta* taken to indicate a W-iitotaran age for these b(‘ds also. 

(i.S. ‘.\4S(i. — Haid, bliie-grey, saiuly 1imest<*ne. 

Sf‘rn pertrn n.s]). 

? Jfaraina sp. 

Pan <> pea woithnuftoiu F hit ton. 

In addition, a fragment of Octoi’orralban coral, (iraphulana. and Kchinoid fragments 
W'(*re collected. 'Hie Seinpertcn, which is smooth in tlie juvenile and lias rattier smootli 
radials in the adult, suggests an age eitlier Whaingaroaii or Diiiiti ooniaii. (7ra phulnun 
is known from Ujiper Kaiatan to Waitakian. The agt‘. tlu'refore, is proFialily WFiainga- 
roan or Dnntrooiiian. 

(i.S. d/.S’/.— Galea reous, gritty grcensaml. 

Sen i /i( rteu n.sp. as at 3480. 

? Ltma n.sp., small, suhcquilatcral. 

Since Uie Sernpecten is much the same as at 3480. the respi^ctive hods probably 
btdong to the same statri'. 

(i.S. —Reddish, weathered, glaucoiutie. eoarse sandstone. 

(^hlfimys n.sp., 28 broad, close ribs. 

Lima n.sp., small, inequilateral. 

The nearest known relative to the Chlamys is a species with less than 20 ribs from 
the Kaiatan, G.S. 3171, Perpendicular Point. The Lima differs from that at G.S. .3481. 
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Structure 

It will be seen from the plan and cross-section that the vstructure of the 
rocks in the valley of Coal Creek is unusually eornnlex. The correctness 
of the interpretation of the section depends almost entirely on the natim* 
of the contact between the Waitotaran sandstone and the Waitakian lime- 
stone. If this contact has been correctly inter [)retated, then it ajjpears 
that the lower Tertiary beds were intensely deformed at some time in tlu* 
middle Tertiary, The erosion that followed stri])ped the lower Tertiary 
rocks from most of the area, but the syncline at Coal Cre(‘k was below base 
level and escaped destruction. Durimj the late Tertiary and early glacial 
period, marine and fresh-w^ater de})osits w(*r(* laid down on the erosion 
surface that truncat(‘d the folds in the ('arly Tertiary beds, and (‘xtend(»d 
indifferently across both the greywacke uiul(‘rmass and the uptunuMl edges 
of the early Tertiary beds. These younger beds, tog(*ther with th(‘ ol(h*r 
Tertiary strata, were later folded and eroded, and on them W(M*e deposited 
late Tertiary and Recent gravels. 

Quak'iz Sax!> 

The following derailed section through the ([uartz sands was ni(‘asiired 
and sampled on the east side of the branch creek 5 chains al-ove it- 
confluence with Coal Cn^ek : — 


Dark yjyri tic coarse sand with narrow bands of sub-ioundcd (|uartz J'i 
pebbles, few armllilc pebbles, le.s<^ than d in. across . . . . S 

Medium white (jiiartz siind (sample 1). . . . . . . . 4 

Dark pyr die fine sand . .. .. .. 4 

Wlnte quartz sand (samples 2 and 3) . . . . . . . . S 

Dark band with mica and f^rannles <d (piartz . . . . . I 

White (jiiartz sand (sample 4) . . . . . . . . 7 

Dark pyritie band . . . . . . . . . . - 

White quartz sand (sample 5) . . . . . . . . U 

Da rkisJi elayi'y sand . . . . . . . . . . .4 

White quartz sand (sample (>) . . . . . . ..II 

Clayey sand . . , . . . . . . . . . 1 

Dottoin of section, stream -level. 


The irregular deformation of th(‘ adjoining area is rellectcd bv the minor 
irregularities in th(‘ attitude of the sand bands, wdiieh show' several dis- 
locations with a throw of a few’ inclies aiul vary considerably in attitu(h» 
over short distances. At the top of the section di»senb(Ml above, the con- 
glomerate band dips to tin* south-east at 15 ; but only 50 ft. distant the 
well-defined surface of the 2 ft. dark bainls dij) m about th(‘ sanu* direction 
at 4(f ; still lowei in the section the beds again flatten. The variation in 
attitude described above is unlikely to be depositiomil, and it is probabh^ 
that similar or even greater variations will be found in all jiarts of the area. 

The grey wacke uiidermass is unlikely to be more than 50 ft. Iowit than 
the base of the measured section, for crushed greywacke is (*xpos(‘d in the 
bed of the stream l(‘ss than a chain away. 

Quantity of the SmuL — It will be seen from the detailed section that the 
aggregate thickness of the bands of quartz sand is 40 ft. The sand, together, 
with the overlying beds, dijjs to the east away from the branch creek, and 
the amount of tiverburden will increase rapidly away from the ontcroj). 
Only a narrow band of sand, assumed as 30 ft., can be economically stripiied. 
The length of the outcrop tin the east side of the branch cretik is about 
10 chains, so the quantity of sand available is at least 10,000 tons. 
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Qmlity , — It will be seen from the detailed section that darker impure 
bands, which were not sampled, an^ interbedded with the white sand. The 
impure bands will certainly make the sand more difficult to work, but as 
the bands are well defined it would be jiossible to separate them. 

The sand is fairly compact, and usually weathers to form vertical faces. 


APPENDIX 

T^ABOHATORY In\EST10AT!0N 

By 1.. U. L. Di:nn, F. Skelyk, and A. T. Goknks, Donimion l.ulxnatory 
Quntlz Kandu^ Coal Ross 

Analyses . — 7"he sam})k*s wore examined for posbiLU* value as j^lass-samls or mouldsng- 
sands. 

(Itafltny Tests . — 'fhe sands weie su'ved dry into the followiiiL" LM-ades : — 

(Iravid : Particles treater than 2 mm. diaimder. 

A ery coarse sand : Particles 1 mm. and 2 mm. diameter. 

(*oarse sand: I*articles Oomm. and 1 mm diarnetiu’. 

Medium sand: Particles 0 25 mm. ami 0 5 mm. diaimder. 

Fine sand: Particles 0 1mm. and 0 25mm. diametiT 
Superlim* sand : l*articl<‘s 0-25 mm. ami 0 1 mm. iliametcr. 

Silt and clay; Particles 0'(>.“>mm. and less. 

Note "flic sdt-and-clav fractum n^prescnts that fraction pc.ssin^' a No. .700 British 
Standard sic\(‘ w lien washed throiiiih with a si team ol wat'U. 


— 

— --- --- — 


— 

— — 

— 



— 



L V2\-\ 
Saiuj'U' 1 

b \1'. 2 

! Saiiinlt* 2 

1. 12) 5 
s.oapic ’> 

1. 12) 4 
SiiiUpli' 4 

1, 12 5 
' Saiupic 

1 12 
N.nnpU' u 

A, 

(Ir.n cl (per ccnt.l . . 

0 1 

' ihi; 

0 1 

0 7 

, N-1. 

Nil 

B. 

\5‘rv coarse sand 

0-4 

' <»-s 

4-7 

10 1 

0 2 

0*7 


(j)t‘r cent ) 


1 





V. 

CViarsc sand l])er 

2 S 

2S*5 

; 20-9 

10 0 

1 1!) r. 

10-0 


emit .) 


1 





1). 

Medium sand (per j 

70 5 

20-0 

: 

i 20 2 

1 28 ;t 

71-0 


cent.) 


j 

1 

1 

1 


F. 

Fine sand ([ler <*ent.) 

70 15 

1 115 0 

' 22-S 1 

17 2 

1 22 7 ; 

21 1 

F. 

Superfine sand {]>er 

lOO 

1 J4-7 

14-0 , 

1(5 0) 

, iii-o 

14-!4 


cent .) 


j 

1 


1 


(1 

Silt aiul clay (per 

1(5() 


: 12-0 i 

14-7 

1 12 s 

11-0 


cent.') 


i 

1 

1 

! 

1 

1 


Chemical ^\nalyses . — A i-omplete chemical anahsis was made of the mi,\cd ^lass 
sand gi-ades obtained by .sicMiig (j^rade.s C, J), and F) from L. 127-2, winch hy micro- 
scopical examination appeared to be the be.st saml ot the senes from thi‘ purity stand- 
point. Partial ami approximate analyses ot similar grades we^e made of L. J2.7-3. 
L. 127-4, L. 127 5, and L. 127-15. 


The re.sidts w^ere : — 


— 

1. 127 2 

j L 12.5-.;. 

b 122 4 


L. 127-(5. 

SiOg (piT cent.) 

98 01 



.. 

.. 

A1 jO (per cent.) 

cent.) 

0-9!) \ 
0-07 f 

21 

1-9 

I -7 

1-7 

770 2 (per cent.) 

U07 




• • 

OaO (per cent.) 

012 




• • 

MgO (per cent.) 

0 15 

0-01) 

0 07 

0 07 

0-04 

Na jO (per cent.) 

0-01) 

K. 2 O (per cent.) 

0-39 

0(59 

0-45 

0-79 

0-42 

Loss on ignition 

0-20 

100-05 
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Utility as Glassmaking Sands , — ^For glassmaking the main requirements are high 
silica content, low iron content, and correct grading. The bulk of the sand should consist 
of medium and fine sand grades. Preferably the sand should have at least 70 per cent, 
and, if possible. 90 per cent, of one grade, and this grade should in most cases be medium 
sand. 


In the latest specification for sands for making colourless glasses (see .7. Soc. Glass 
Tech., 27, No. 123 (1943) ) it is specified that the combined superfine sand and silt and 
clay grades shall not exceed 5 per cent. 

The purity of the sand is fixe*d according to which of the following three classes of 
glassware is to be manufactured from it : — 


(Mass of Glassware. 

Minimum 

Si()a(\mtent 

Maximum. 

FejOg 

('oiitent. 

(a) Fine opti<‘al glass . . 

99*0 

0-(H)8 

(b) High-grade domestic and decorative glassw'are . . 

99-0 

902 

(c) General colourless glassware, including containers . . : 

98 5 

(M)4 

1 


<^onclnsinm , — The above requirements an* not satisfied with any of tlu‘ samples. 
Grading is very unsatisfactory and there is too much superfine sand and clay present. 

Even if it were found feasible to classify the sands into the glass grades, it is doubtful 
if even the best of the samples would be good enough for glassmaking. Due 1 o the presence 
of muscovite, the alumina content is gene ah o.n high, and the silica content is below 
the desirable minimum. The iron content varn's, but is too high in all samples for 
colourless glass. 

Use as Mould itKj-sands , — ^^’hile for gla8«making a sand of uniform gram-size is 
desirable, the opposite is the case with moulding-sands, where distribution of grain- 
sizes is n(‘cessary, and also clay is reijuired is a bonding agent. 

The requirements for moulding-sands art* given in a paper by E. H. L. Dunn, in 
N.Z. J, Sci and Tech., JO, 74 (1928). 

The clay contents of the sands w'ere determined acconlmg to the met hot! outlined 
in the above paper and the percentages of the silt and sand grades worked out approxi- 
mately from the table of grading of the glass sands ; - 


— 

1 

1 i.. 123-1. 

L. 123-2. 

L. 123-3. 

b 123-4. 

1 

1. 123 .> 1 

J. 123- (J. 

Retained on fiO-mesh . . 

33-8 

58-9 

.51-2 

i>0-9 

48-0 

52 1 

Retained on 300-mesh 

50-2 

31*2 

30 -8 

34*8 

39-2 

3fii) 

Silt grades (less clay) . . 

10-9 

8-fi 

10-5 

11*9 

11-5 

10-4 

Olay 

51 

1-3 

J-5 

2*4 

1-3 

1-5 


Except for L. 123-1, the samples generally contain insufficient clay bond for us(* as 
natural moulding-sands. In a<ldition, they are much too coarse in grain for ordinary 
brass- or even iron-foundry work. There is, of course, tin* possibility of use after 
separating into suitable grades, and recombining according to the type of moulding- 
sand required, with addition of bentonite or other clay to provided the necessary bond. 
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VANADIUM IN THE TARANAKI TITANIFEROUS 

IRON-ORES 

By C. Osborne Hutton, Petrologist, Geological Survey, Department of 
Scientific and Industrial Research 

[Received for 'publication, 7th June, 1945] 

Summary 

The significance of the mineral eoulsonite is discussed, and a re-examination 
of polisheti surfaces of some titaiiiferoua magnetites gives no indication of the 
existence of coulsonite in these ores. The apparent affinity of vanadium for 
magnetite rather than for ilmenite is disciisaed on the basis of tlu' size of the 
ions concerned, hut it is bcdieved that this association is diit‘ to the retention of 
vanadium in residual magmatic lupiiils a^ter ilmenite has crystallized. 


A RECENT investigation by the writer of some titaniferous iron -ores from 
the New Plymouth district has shown that the chief ore mineral is titano- 
inagnetite, although a very minor amount of titanhematite is jiresent as 
individual grains and also as an “ intergrowth ” with some of the titano- 
magnetite ; it was suggested by the author (Hutton, 1945, p. 297) that the 
occurrence of the titanhematite in the latter case was probably due to 
exsolution as a result of the very limited solid solution that is known to 
exist between hematite and magiu‘tite (Ureig, Posnjak, Merwin, and Sosrnan, 
1935). Small, but very constant, amounts of vanadium up to 0-1 per cent, 
have been found in these titaniferous iron-ores, and, although the exact 
location of this element has not been jiroved, it was suggested by the author 
that the vanadium can only occur in the lattice of the magnetite, as no 
indication of a distinct vanadium-bearing mineral was observed in these 
sands. 

When this statement was made the writer did not fully realize the 
significance of the mineral coulsonite (Heron, 1936 ; Dunn and Dey, 1937^ 
as apfilied to the Taranaki ironsand ores. Coulsonitis originally described 
as vanado-magnetite by Heron, is an important constituent of titaniferous 
iron-ores genetically associated with a series of basic and ultrabasic intrusives 
situated near the southern border of the Dhalbhum Subdivision of Singhbhum, 
Bihar Province, India. The properties of coulsonite as observed in reflected 
light are, according to Dunn and Dey (1937, pp. 131-132), identical with 
those of maghemite, and it can only be distinguished from the latter by 
microchemical tests for vanadium ; furthermore, these authors observed 
that its diagnosis is diflScult, if not imjiossible, except at high magnifications. 

A restudy of the Taranaki ore was undertaken in order to determine 
if the vanadiferous mineral could be recognized, and further, if this mineral 
could not be detected, to try and decide on the location of the vanadium 
in the ore. Apart from the titanhematite laths, no indication of any other 
exsolution features were observed under a high magnification, and therefore 
it is only reasonable to assume that at least the major proportion of the 
0*39 per cent, of VgOg present in the titanoniagnetite must be situated within 
the lattice of that mineral. On the other hand, it had been previously 
noted that some very minute lens-like bodies occurred within the titan- 
hematite itself, and it was suggested that these features might be the mineral 
maghemite, or else merely twinning on a very minute scale brought about 
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by stress. A vanadium determination carried out by Mr. F. T. Seelye 
showed that the titanhematite itself contained 0*30 per cent, of V 2 O 3 — that 
is, slightly less than the amount of vanadium previously found to be present 
in the titanomagnetite (Hutton, 1945) ; the writer does not believe that 
this difference has any real significance. Bepeated attempts to obtain 
some powder from one of these lens-like bodies resulted in failure, but it 
is suggested that, in view of the similarity of the ionic radii of and 
Fe^+, fairly complete solid solution may be expected. Any separation of 
a vanadous-rich phase from titanhematite containing only 0-30 per cent, of 
V2O3 would suggest an extremely limited degree of miscibility, and this 
does not seem warranted ; furthermore, the presence of a small amount 
of V2O3 in some Indian hematite that showed no trace of a separate coul- 
sonite phase on examination of polished surfabes is in direct support of this 
contention (Dunn and Dev, 1937, p. 136). Dunn and Dey point out that 
coulsonite is associated with magnetite and not with ilmenite in the ores 
of the Singhbhum area, whereas a similar feature has been noted in the 
ores of Parry Sound, in the district of Ontario. No evidence pointing in 
that direction has been recognized yet for the New Zealand ores, as free 
ilmenite has not been recognized in Taranaki ironsands so far. In their 
discussion on this point Quirke and Kremers (1943, p. 180) take into con- 
sideration the relative sizes of the ions of Ti, Fe, and V in various degrees 
of ionization, but in the writer’s opinion they j)lace undue weight on the fact, 
that the size of the ion is closer to that of Fe*^ than it is to Ti*+ ; 
but the difference is so slight that it is very doubtful whether vanadium 
would always replace trivalent iron and completely disregard tetravalent 
titanium, instead of being distributed between these two elements. If a 
strict limitation of vanadium to the magnetite molecule does exist, and it 
would seem as if this were so, then some other factor or factors of the utmost 
importance influence this arrangement. In addition to some selection 
according to the size of the ions, Quirke and Kremers believe that the 
association of coulsonite with magnetite rather than with ilmenite is due 
partly to the retention of the vanadium in the residual magmatic liquids 
long after the completion of the ilmenite crystallization period. The present 
writer believes that this is the main reason for this association of vanadium 
in titaniferous iron-ores. 
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ACTIVITY AT RUAPEHU, MARCH-APRIL, 1945 

By J. J. Reed, Assistant Petrologist, N.Z. Geological Survey, Department 
of Scientific and Industrial Research 

[Received for publication^ 4ih May, 1945] 

Summary 

Recent activity at Ruapehu is descriiied, the most notable feature being 

the formation and disappearance of a cone (tholoid) in the Crater Lake. 

Introduction and Geology* 

Kuapehu, rising above the central plateau of the North Island (2,300-3,000 ft. 
above sea-level) to a height of 9,175 ft., is the highest and most southerly 
of a number of active, dormant, or recently extinct volcanoes forming a 
zone trending in a north-easterly direction to White Island (Fig. 1) — the 
“ Taupo Zone ” of Hochstetter (1864, jip. 92-95). Eleven miles to the 
north is the multiple volcano, Tongariro, with an active cone, Ngauruhoe 
(7,515 ft.). 

From Pliocene times Ruapehu has been built up of successive lava- 
flows with showers of scoria and ash, and the latest flows of dark-coloured 
andesite extend far down into the valleys. The broad irregularly shaped 
summit (Fig. 1) includes two or possibly three craters ; these are distinguished 
as “ North and “ South ” by B. Friedlaender (1899, pp. 507-509), and as 
“ West,’’ “ East,” and “ Girdlestone ” by L. 1. Grange and J. H. Williamson 
(1929-30, p. 12). This summit outline is considered by some (Speight, 
1908, p. 9 ; Grange and Williamson, 1932-33, p. 21) to have resulted largely 
by removal of the top part of an original cone by explosion, but truncation 
need not necessarily have occurred (Friedlaender, 1899 ; Cotton, 1944, }>. 231). 
Near the eastern edge of the South ” crater is Crater Lake, a circular basin 
approximately 30 chains in diameter, normally bounded on the south and 
west by vertical ice cliffs, on the north by lava, and on the east by scoria 
rising to a peak 250 ft. above lake-level. Water percolating through the 
eastern scoriaceous wall j)robably forms the source of the Wangaehu River. 
Mud-flows (Lahars) from Ruapehu, accounting for the presence of mounded 
fields at the base of the volcano (Grange, 1931), have formed vast accumula- 
tions of volcanic conglomerate, large boulders being transported uj:) to 
forty-eight miles (Cotton, 1944, pp. 244-246). 

Previous Activity 

Except for a mud-flow, which apparently swept down the Wangaehu 
River in 1869 or earlier (Crawford, 1869, }>. 354 ; Cussen, 1887, p. 379 ; 
Grange and Williamson, 1932-33, p. 21), outbursts within historical records 
have been confined to the Crater Lake, the jircsence of which may mask to 
some extent the activity of Ruapehu (Friedlaender, 1899, p. 509). In 1886 
(Park, 1887, p, 330) and 1926 (Thomson, 1926, p. 357) the lake was ice 
covered, but normally the acid, chalky-green water is warm and emits a 
sulphurous smell. Steaming of the lake or eruptive bursts of steam, mud, 
and ash have been reported at irregular intervals. A list, probably in- 
complete as no regular observations have been made, is : 1869 ; March, 1881 
{Cowan, 1927, pp. 72, 149) ; April, 1886 (Cussen, 1887, p. 378) ; May, 1889 ; 

* For detailed accounts of geology, see R. SiKjight (1908), L. I. Grange and J. A. 
Hurst (1928-29), and L. I. Grange and J, H. Williamson (1929-30, 1932-33). 
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March, 1890 (Hill, 1892) ; March, 1895 (Dunnage, 1895, and Hill, 1896) ; 
1896 (Lowe, 1896-97); 1897 (Frieclaonder, 1899, p. 507); March, 1906 
(Speight, 1908, p. 9) ; October, 1921 (the Dominion, Wellington, 5th October, 
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1921) ; August, December, 1934 ; February, 1935 ; May, 1936 ; April, 
1940 (the Ei>ening Post, Wellington, 29th April, 1940) ; October, 1944 
(Visitors’ Book, Ruapehu Ski Club). 
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Present Acjtivitv 

The latest activity, which was again confined to Crater Lake (Fig. 2), 
began on the 8th March, when a long ])luine of steam was noted blowing 
east from Ruapehu, the eastern slopes of which were covered by mud and 
ash. Definite evidence of the emergence of a new cone, the outline of which 
was usually obscured by rising steam {cf. Figs. 3, 4, 5, and 7), was obtained 
on the 19th March. Eruptions of steam and smoke from the cone (Figs. 5 
and 7), which were accompanied by loud rumbling or crackling noises and 
by the discharge of mud, ash, and occasionally larger fragments, alternated 
with quieter })eriods of steam effusion. At 1.15 ])^m. on the 2f5th March a 
very large explosive burst, comparable except in colour with the paroxysmal 
eruptions from Ngauruhoe in 1925 and 1928 (see (Irange, 1928), was seen 
by Mr. R. Ward, of Taupo, who estimated the column of steam to b(‘ between 
r),(X)0 ft. to 8,000 ft. high. This explosion was jirobably connected with 
the disappearance of the cone. One day later the writer reached the ski 
club’s hut. No sign of the cone was oliserved, its form(*r jiosition being 



r 7 \* .V X A F photo . 


Fio. 2. — Ruapehu, 9th March. Steam and .smoke billowing from disturbance in (Vater 
Lake. l’hotogra])h taken looking Houth-ea.st ; Paretetaitonga in fort'ground, 
Ruapehu Peak in background. Scoria Peak to the left of (Vater J..ake. 

shown by the greatest concentration of .>team rising from the lake. This 
steaming, accom])anied by a strong suljihurous smell, has continued with 
infrequent (*ruptive outbreaks of steam, mud. and ash ; the last outburst, 
re.ported on the Kith April after a quiet s])ell of fourteen days, rose thousands 
of feet above the crater. 

The new cone was circular in outline, apjiroximately 2 chains in diameter 
at water-level, and with a slightly convex surface* broken l)y cracks through 
which steam issued (Fig. 6). Three tyjies can be distinguished in the 
ejectamenta covering the summit snowhelds (Figs. 4, 5, and 7) : — 

(tt) Mud and ash, which constitute the bulk of the ejected material : 

(6) Debris from the lake coated, or impregnated, with sulphur 
(P. 4922-4925)*^ 

Numbers refer to specimens in the collection of the N.Z. Geological Survey. 
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[RS.Z.A F. photo 


Fio. 3. — Kuapehu, 19th March. Steam rising from Crater Taike. P}iotograj>h looking 
north-west; Scoria Peak and (^athedral R(»ek in foreground, Paretetaitonga in 
central background. 



IJR.N.Z.A..F. photo. 


PiO# 4. — ^Ruapehu, 29th March. Close up of Crater Lake showing cone covered by 
steam. Note steaming from surface of iake,^ the exposure of rock below the ice 
cliff at rights and the ash- and mud -covered snowfields in background. 
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i^c) Hyperstheno andesite (P. 4926-4928), j)resumably from a lava column 
in the cone. 

It may be noted that (h) and (c) occur in blocks occasionally weighin"^ 
several hundredweight, but generally much smaller ( < 6 in. in length). 
Although the disappearance of the cone below lake-level ])revented con- 
firmation, the above features indicate that th(‘ enujrged cone was a tholoid 
or cumulo-dome similar to those commonly develo])ed in the craters of 
andesitic volcanoes but rarely surviving as independent relief forms (Cotton, 
1944, pp. 169-170). Hundreds, even thousands, of tholoids exuded suc- 
cessively at the summit, together with the immense amount of debris derived 
from them either by crumbling during growth or by (‘xplosive disintegration, 
are j)robably built into the body of a great andesitic cone (Cotton, loc. cit.). 



[National Film Vnif photo. 


Fm. o.—Hiiapehu, 23rd March. Kniption from cone. Note crcv asses and ash- and 
mud -covered surface in background. 

Mr. J. A. Blyth, a close observer for twenty years, noted the following 
changes at the crater : — 

(1) The lake-level has been lowered by 5 ft. to 8 ft., resulting in (a) the 

exposing of the crater wall beneath the north-west ice-cliff (Fig. 4) ; 
and (b) the wide extent of the rock ledge now extending slightly 
above water-level from under Ruaf)ehu Peak, where descent 
into the lake is normally made, around to the northern end of 
Scoria Peak ; the presence of this ledge may assist investigations 
at Crater Lake : 

(2) Crevasses surrounding the Crater Lake and on Whakapapa Glacier 

have increased both in number and size ; scoria is present under 
the large bergschrund beloy? Paretetaitonga. 

Since this paper was sent to the press an article by Professor C. A. 
Cotton has appeared {N.Z. Science Review ^ 3, 3—4), and in this the 
theoretical aspects of the March activity are discussed. 
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[National Film Unit photo. 

Fig. 6. — Ruapehu, 23rcl March. A close- up of the emerged coue in the Crater Lake, 
Note circular outliiu* anti the slight I j convex Burfaet* from whieh steam is nsiug. 



[National Film "Unit photo, 

Fia. 7.— 'liuapehu, 23rd March. Eruptive burst from cone. Note steaming of lake and 
' ash'COvered snowiiold in background. 
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APPENDIX 

Data on Later Activity, May- June, 1945 * 

Since this paper was submitted for ]>ublicatioii additional information has 
been received and is summarized herewith. 

Renewed activity early in May (the Dominion, Wellington, 10th and 
14th May) resulted in the re-emergence of a tholoid larger than that developed 
in March, and this now occupies about one-third of the Crater Lake ; the 
tholoil has since remained above lake-level. Outbursts of steam, and 
ejection of mud and ash, have occurred periodically, and, further, a glow 
and even flames (the Dominion, 15th May) are rejiorted to have been 
observed in the crater. 

* For a full description of the activity, May-July, reference should be made to a 
paper by R. B. Oliver in this J^onrnal. 
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FURTHER ACTIVITY OF MOUNT RUAPEHU, 
MAY-JULY, 1945 

By B. L. Oliver, New Zealand Geological Survey, Department of Scientific 
and Industrial Besearch, Wellington 

[Received for publication, 24th July, 1945] 

(See J. Reed’s account in this issue of the March activity of Mount Ruapehu 
for a general introduction to the subject.) 

9th May to 1st July 

The present phase of Mount Ruapehu’s activity was first reported on the 
9th May. The island (reported earlier) had again appeared in the middle 
of the lake and had attained to a slightly greater size than had appeared 
in March and April. Rocks were ejected, but they all fell back into the 
lake, though finer ash was deposited on the outer slopes of the mountain 
down to a level of 4,000 ft. 

On the 14th May activity was again reported, of a nature considerably 
more violent than the most vigorous of the March eruptions. Loud 
explosions accompanied the ejection of rocks, which had not then fallen 
beyond the boundaries of the crater. 

At 8 p.m. on the 14th May flame shot 300 ft. above the summit of the 
mountain, and this was followed by a second flame, and this in turn by a 
tall, dark cloud. The flashes are reported to have illuminated the country- 
side like daylight. 

During the week previous to the 1st July inhabitants of Ohakune (nine 
miles from the summit of Ruapehu) heard quite plainly the rumblings 
Associated with the mountain’s activity, and very fine sulphury powder 
fell in the town. This dust is probably of similar composition to that 
ejected by the 1906 eruption, the analysis of which is shown in Table 1. 
The high percentage of sulphur present in this analysis conforms with the 
general sulphury appearance of the dust erupted during the recent eruptions. 

State of Crater on 1st July 

(For convenience, the basin containing the crater lake will be referred to 
as the crater.) 

By the 1st July about half the circumference of the island in the crater 
was in contact with the crater wall. The amount of remaining lake-water 
on the south and south-west sides is shown in Figs. 2 and 3 respectively. 
The level of what lake-water remained appeared to be very low ; the mud 
on the exposed lake-bottom is shown in Figs. 6, 7, and 8, The statement 
of Mr. Prichard, of the Public Works Department, that on the 28th July 
50 cusecs water were gushing from the south-east fissure in ,the crater wall, 
instead of the usual 2^ cusecs, indicates where at least some of the water 
had gone. The steam cloud shown in the centre of Fig, 4, near the head of 
the gully, and on the right centre of Fig. 5 is from the crater-lake water 
as it emerge^ from the figure into the head of the Wangaehu Valley, The 
temperature of the crater-lake water was 137® F. 



1945] 


Oliver. — Further Activity of Mount Ruapehu, 
May-July, 1945 


25- 




[ii.Y.^.A.P. photo. 


Fio. 2.-View token on 28th June of the erater-lake hoein showing steaming remnant 
<rf orator lake on left, and dense fumes in centre being emitted from central vent 

of tholoicU 
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The tholoid itself was noticeably flat on top, and definitely not dome- 
shaped as was apparently the case in March (see J. Reed’s account in this 
issue of the March activity). The margin, however, was a steep face about 
15 ft. in height above the lake ; the centre of the tholoid was not much more, 
except for a small protuberance immediately surrounding the vent (Fig. 9). 

Nature of Activity 

Excluding the central vent, the margins of the tholoid a}:)peared to be 
the most active. It is possible that the greater volume of steam emitted 
from the margin was due to the latter’s contact with the waters of the 
crater lake, and that evaporation as steam is one of the ways in which the 
lake-water had disappeared. Fig. 6, however, shows steam emitted from 
a part of the tholoid not in contact with the lake- water, and also the large 



Fig. 3. — View taken on 1st July of margin of tholoid on south-west side, sc'parated 
from wall of crater-lako basin by remnant of crater lake. Note crater walls covered 
with ash. 


volumes of steam emitted from the central vent (Fig. 9) cannot have been 
derived from lake-water. The gases emitted from the tholoid had a strong 
sulphury smell, and the manner in which they were emitted is shown in 
Figs. 6, 7, and 8. They were emitted with considerable force from between 
the loose boulders forming the surface of the tholoid ; also they bubbled 
out through the mud shown in Figs. 6, 7, and 8. 

The surface of the tholoid consisted of loose angular scoriaceous boulders. 
An incomplete chemical analysis of one of these is shown in Table 2. Over 
most of the surface these appeared cold and dead, but the margin of the 
tholoid was definitely “ alive.” The loose scoriaceous boulders, averaging 
2 ft. in diameter, were warm ; on the steep face (Figs. 6, 7, and 8) the boulders 
were moving and heaving and falling as though due to pressure from behind — 
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evident testimony to the increasing size of the tholoid ; a red glow between 
some of the loose boulders on the surface at the margin of the tholoid also 
testified to its “ live ” condition. A similar glow was visible at night over 
the whole surface of the tholoid, but it is not clear whether this was emitted 
from between the boulders on the surface oi from boulders themselves 
which had been ejected from the central vent. 

The (juiet emission of steam was the predominating form of activity, 
but in March (see J. Reed’s account in this issue of the March activity) 
this alternated with “ loud rumbling or crackling noises and by the discharge 
of mud, ash, and occasionally larger fragments.” On the afternoon of the 
1st July th(‘se more violent outbursts took ]»lace at intervals of fifteen or 



Z, A. F. photo. 

Fig. 4. — \"ie\\ taki'ii on 2Sth June of head of Wan^raehu N'alley. Thi* small steam 
eloud near the head marks the emission of the \uiter from the crater lake. 


twenty minutes, and the “ larger fragments " (up to 5 ft. in diameter) were 
ejecti'd at each outburst. These sjiectacular violent outbursts were from the 
central vent, and for about a minute rocks, a.'^h, and steam were ejected 
with a terrific force, as though from a gigantic exhau.st, and at the same 
time the surface of the tholoid surrounding the vent glowed like an immense 
brazier. The larger rock.s were hurled to about the height marked by the 
point X in Fig. 10, and the steam cloud rose to a greater height than usual 
above the summit of the mountain. The outbursts commenced with a 
sudden bang, and the crackling, staccato roar (closely resembling the noise 
of a machine gun fired close to the ear) which continued made conversation 
impossible at the edge of the crater lake ; it was the noise of these outbursts 
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which could be heard as an avalanche-like rumble farther down the 
mountain-side. The rocks ejected by most of the explosions fell back on 
to the surface of the tholoid. Apart from these, the loose scoriaceous 
boulders on the surface were part of the solidified crust or carapace capping 
the tholoid or projected lava column. The closely f)itted ice surface of the 
crater margin indicated that some of the boulders had been ejected more 
laterally. 

The ejected rocks were of two main types— viz., a compact glassy hyper- 
sthene andesite, and an extremely vesicular jiumiceous rock ; the loose 
boulders forming the surface of the tholoid were of the latter type. An 
incomplete chemical analysis of these rocks is shown in Table 2. The finer 
sand which covered the slopes of the mountain down to a level of 4,000 ft. 
consisted of the components of the above-numtioned glassy hypersthene 
andesite, but the fine dust, which was deposited as far as nine mil(»s from the 
crater (if it is the same as that ejected in 1906), contains, in addition, a 
-considerable amount of sulphur (Table 1). 


Table 1. — Uhemk’al Analysis of Volcanic Dcst kri fted from 


M(n'NT Rcapehi 


lOOf) 


Silica 

.. .51 (>7 

Alumina . . 

13,55 

Ferric oxide (Fe 2 (),) 

(>•04 

Lime ((’aO) 

410 

Magnesia (MgO) . . 

219 

Potash (KaO) 

1-47 

Soda (Na^jO) 

1-84 

'ritanium oxide (TiO 3 ) 

0-59 

(’hromium oxide ((VgOa) •• 

Nil. 

Sulphur .. 

.. 15-42 

Carbonic anhydride (COo) .. 

Nil 

Loss on igrution . . 

3-13 

100 00 


’Fable 2 


Incomplete eheraicnl analyses of — 

(1) Scoriaceous boulder from surface of tholoid of Mount Ruapehu, Ist July, 1945. 


( 2 ) Glassy hypersthene andesite ejected from 
1945. 

iSilica (SiO 2 ) • • 

Phosphorus and alumina ( V and A1 gO 3 ) . . 
Ferric oxide (Fe^O 3 ) 

Ferrous oxide (FeO) 

Magnesia 

Strontia and lime (SrO and CaO) 

Potash (K 3 O) . , 

Soda (NajO) 

Manganous oxide (MnO) . . 

Titanium dioxide (TiO g) 

Water (HgO) .. 

Phosphorous pentoxide (P 2 ^^ 6 ) 

Vanadium pentoxide (VaOg) 

Chromic oxide (CraOa) .. 

Nickel oxide (NiO) 

’Sulphur (iS) 

Chlorine (Cl) 


crater of Mount Ruapehu, 1st July, 


( 1 ) 

(>0-09 

( 2 ; 

60-10 

16-70 

16-63 

1 69 

1-23 

4-58 

4-89 

4-03 

4-03 

6-89 

6-88 

1-83 

1-81 

3-40 

3-37 

0-10 

0-10 

0-70 

0*70 

Very small. 

1 

I 

Very sma 

Amounts 

undetermined. 



Flo. 8. — View taken cm let July showing st<*ep face of margin of tholoid. Lake-bottom 

mud in foreground. 
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Fia. 10. — General view taken on lat July of steam cloud rising from the crater as seen 
from the summit of Ruapehu Peak. X marks tlie height to which large boulders 
were ejected during the more violent explosions. 
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Comparison with other Volcanoes, and Discussion 

The nature of the activity has been “ classified ’’ by Professor C. A. 
Cotton {N.Z. Science Review, 3, No. 1, pp. 3 and 4, 1945). He considers 
that the Euapehu activity is characteristic of the type which results in the 
uprising of a lava dome in the crater. 

Some of the characteristics of such domes as outlined by Howel Williams 
and summarized by T, A. Jagger (Volcano Letter 379, 1932) are— 

(1) The glassy nature and porphyritic structure of the lava. The non- 

scoriaceous lava ejected from Ruapehu is of this type. 

(2) XJp-welling of lava accompanied by explosions producing lava and 

tuff. The recent eruptions of Ruaj)ehu conform with this. 

(3) Rocks, are mostly andesites, rhyolites, and trachytes. The Ruapehu 

rock is an andesite. 

(4) Intense solfataric action is seldom conspicuous. This does not 

conform with Ruapehu’s activities. That this feature is exhibited 
by Ruapehu’s activity is perhaps due to the presence of a crater 
lake ; the steam might be the vaporized lake-water which has 
filtered into the margin of the tholoid. 

(5) The rate of growth of the dome is rapid. The growth of the tholoid 

in the crater of Mount Ruapehu to its present size in two months 
compares favourably with the speed of growth of other domes. 

(6) The gas content of the lavas is small — e.g., 0*15 per cent, by weight 

of the andesites from Lasvsen Peak, and 0*10 per cent, of the 
andesites from an island in the Gulf of Santorin, Greece. An 
analysis of the gas content of the Ruapehu andesite has not 
been made. 

F. A. Perrett (Eruption of Mount Pelee, 1929-32, Carnegie Institute 
Washington Publication, 1935) has divided domes into two types — viz., 
Closed Domes and Open Cones. 

The Dome grows by additions of effusive lava oozing from a number of 
vents and subsequently breaking into blocks that slide down the flanks 
of the dome. 

The Cone is built up by the accretion of clastic materials thrown out 
from an open central vent and falling in showers. 

It would thus seem that the present activity of Mount Ruapehu is a 
combination of the above two types. Perret considers that dome or cone 
building characterizes the waning stages o^^ activity. 
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EARTHQUAKES IN NEW ZEALAND DURING THE 

YEAR 1944 


By R. C. Hayes, Dominion Observatory, Department of Scientific and 

Industrial Research 

[Received for puhhrafion^ 2Sth February, 1tl4S] 

The accompanying map shows the epicentres of (*arthqiiakes located in the 
New Zealand region, during the year 1944. Shocks with origins deeper than 
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normal are indicated by distinctive symbols. Accuracy of epicentre deter- 
mination is also indicated. 

The inset maps show the approximate isoseismals of two of the most 
notable shocks during the year. 

Some additional particulars of the earthquakes whose epicentres are 
shown on the main map, are given below - 


No. 

Date and Time (O M T.) • 

Maximum 

1 Felt Inten- 
1 Hity (M M ) 

1 

' N(I 

1 

Date and Time (0 M T ).* 

Maximum 
Felt inten- 
sily (M.-M.). 


1944. 

(1. 

h. 

in. 



1944. 

(1. 

h. 

rn. 


1 

Jan. 

4 

04 

09ca 

III 

52 

Apr. 

23 

06 

36. 2 

II 

2 


5 

18 

15-2 


53 


24 

10 

141 


8 


6 

09 

43-4 


54 


29 

11 

30-2 


4 


6 

16 

42*6 


55 


30 

09 

08- 0 

IV 

5 


10 

04 

39-3 

TV 

66 

May 

9 

13 

25-5 

III 

« 


10 

04 

44-0 

IV 

57 


14 

05 

57 1 


7 


12 

13 

54* 1 

IV 

58 


16 

07 

24-6 

TV 

8 


13 

22 

19-4 


59 


17 

08 

53.5 

11 

» 


18 

11 

51-9 

111 

60 


20 

IS 

39.7 


10 


25 

18 

48oa 

IV 

61 


20 

21 

15ca 

TV 

11 


28 

OJi 

58*3 


62 


21 

12 

13-7 


12 

,, 

28 

14 

47-9 

IV 

63 


29 

13 

04 I 


13 


29 

06 

39-9 


61 


30 

05 

19*5 


14 


29 

09 

26-6 

ITT 

65 


30 

11 

15-3 


15 


30 

03 

51-3 

III 

66 

99 

31 

08 

02*1 

ill 

10 

>» 

31 

02 

51-7 

tiih- 

67 

June 

1 

07 

39. 8 


17 


31 

21 

2!»'0 


68 


1 

12 

40c*a 

II 

18 

Feb. 

2 

12 

02-9 

h 

69 


3 

04 

01 .() 


19 


6 

02 

25- 1 

TV 

70 

99 

4 

12 

59cn 

111 

20 


6 

14 

45ca 

11 

71 


7 

10 

22-7 


21 


7 

17 

46-4 

\' 

72 


7 

11 

I5ca 

H 

22 

,, 

12 

05 

29-5 

IT 

73 

99 

7 

17 

15 3 


23 


13 

04 

04-4 


74 

99 

9 

03 

04-2 

ir 

24 


15 

00 

38-2 


75 


9 

15 

39-2 

111 

25 

9f 

16 

02 

131 


76 


9 

20 

14ca 

111 

26 

99 

19 

17 

23- 1 

IV 

77 


11 

00 

56'0 

II 

27 


20 

16 

2 lea 

II 

78 


14 

23 

42ca 

IV 

28 

99 

25 

03 

30 0 

II 

79 


16 

06 

39-6 

V 

29 

99 

26 

23 

28-9 


80 


17 

04 

47*0 


30 

99 

27 

06 

43 0 

IV 

81 

if 

21 

14 

00*4 

’’l 

31 

Mar. 

14 

05 

12-2 


82 

ff 

21 

22 

67. 7 

I 

32 

99 

14 

11 

24-3 


83 


23 

08 

45-7 

m 

33 

99 

15 

12 

16-7 

ii 

84 

a 

26 

20 

16-8 

IV 

34 

99 

16 

04 

17-7 


85 

a 

27 

12 

08-9 


35 

99 

20 

09 

50-3 

’’iv 

86 

»> 

27 

13 

03- 1 


36 

99 

20 

09 

62-1 

II 

87 


28 

00 

42ca 

IV 

37 

99 

20 

14 

01-2 

II 

88 

if 

28 

13 

140 

IV 

38 

99 

26 

17 

63-3 

IT 

89 

July 

1 

23 

49. 0 

IV 

39 

99 • 

27 

16 

23-8 


90 

ff 

1 

23 

54-8 

11? 

40 


29 

16 

43ca 

*11 

91 

ft 

2 

02 

18-8 

II? 

41 

99 

30 

09 

66-4 

, , 

92 

ff 

2 

02 

29-0 

II? 

42 

Aj3r. . 

3 

16 

69-3 

, , 

93 

ft 

6 

03 

30*7 


43 


8 

06 

43-5 

II 

94 

if • 

10 

09 

63ca 

Ill 

44 

,, 

10 

17 

14ca 

I 

95 

»» 

11 

16 

10*4 

IV 

45 


11 

08 

34ca 

1 

96 

ft 

11 

18 

63. 1 


46 


15 

19 

67-6 


97 

ft 

14 

18 

44-9 

III 

47 


17 

17 

47*6 

*IV 

98 

ft 

17 

06 

28-8 

III 

48 


19 

03 

05-2 

I 

99 


20 

22 

48*3 


49 


20 

07 

29-6 

, , 

100 

ft 

24 

19 

05-5 


60 


21 

03 

46-6 

I 

101 

ff 

27 

13 

63-6 


51 

♦> 

22 

14 

02-8 

IV 

102 

ff • 

29 

09 

43* 1 

ill 


10 i,*/S*^*^*, ^^rfcenwlch Mean Time) Is 11 h. 30 m. slow on New Zealand Mean Time (N.Z.M.T.), and 
12 h. 00 m. Blow on New Zealand Bummer Time. 
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Date and Time ro M T.) • 

Maximum 
Felt Inten- 
sity M -M ) 

So 

Oafe and 

Time ((J M T ) * 

Maximum 
Felt Inten- 
sity (M.’M ). 


1944. 

d. 

h. 

ra. 



1944. 

d. 

h. 

rn. 


103 

Aug. . 

0 

05 

54-9 


131 

Got. .. 

3 

15 

22-9 


104 

>» 

S 

02 

48-5 


132 

99 • * 

7 

10 

12 1 


105 


9 

05 

58cn 

ii 

133 

9 ^ • • 

9 

22 

57-3 


100 

,, 

9 

10 

31-2 


134 

99 • • 

10 

10 

34-3 


107 

,, 

13 

10 

53-7 

“t 

135 

>4 • • 

12 

08 

10*9 

IV 

108 


14 

23 

42-7 

TV 

130 

99 • • 

14 

12 

17-4 


109 

,, 

16 

20 

26ch 

V 

137 

44 • • 

23 

02 

17-9 


110 

,, 

17 

07 

24-2 

IV 

138 

44 * • 

20 

21 

29*6 


111 

>♦ 

19 

15 

30-8 


139 

99 • * 

27 

04 

330 


112 

»♦ 

20 

15 

42*7 

IV 

140 


29 

00 

40-2 

” V-h 

113 

• 

27 

18 

33-2 


141 


29 

04 

58-8 


114 

»» • 

30 

02 

30-7 

ii 

142 

Nov. . . 

9 

14 

34-7 


115 

,, 

30 

18 

28-8 

II 

143 

99 • • 

13 

00 

30*4 


116 

Sept. . 

2 

19 

52*8 


144 


22 

01 

45-4 


117 


3 

(h) 

45-5 


145 


25 

23 

14*8 

IV 

118 


4 

12 

03 5 


146 

49 . . 

27 

20 

441 


119 


4 

12 

54 2 1 

V 

147 

Dec. .. 

5 

02 

31-7 


120 


0 

02 

38-9 

IV 

148 

99 * • 

5 

14 

32-3 

’’ii 

121 

,, 

7 

08 

39 9 

IV 

149 

99 • • 

7 

12 

49-9 

11 

122 


14 

20 

01-2 

II 

150 

99 • • 

8 

11 

02ca 

I 

123 

»» 

23 

01 

20 0 


151 

99 * • 

10 

04 

68-0 


124 

,, 

23 

18 

42-0 

[IT 

152 

44 • • 

12 

07 

33 2 


125 

,, 

24 

05 

43- 1 

TIT 

153 

99 

13 

07 

47-9 


120 


25 

01 

00*5 1 

111 j 

151 

49 • • 

21 

23 

.55-0 


127 


27 

15 

50 1 

IV 

1 55 

99 • • 

24 

11 

55 ca 

ill 

128 


27 

10 

08-5 

II 

150 

49 • • 

20 

04 

57-0 


129 

,, 

27 

21 

45 0 

III 

1 157 

44 4 • 

20 

12 

07ca 

*11 

130 i 

Oct. . 

2 

07 

34-3 


1 158 1 


30 

12 

12-3 1 

IT 


* ((•reeii>\ich Mean Time) Is 11 h. 30 m slow on .New Zealuiul Mean Time (N.Z.M.T ), niul 

12 h 00 III. slow on New Zeuluiul Summer Time. 

The follow'irifj earthquakes tabulated above, are not show’ii on the map, beliifz be>uiid Its boundary 
to north-east — Nos 32. 102. IIS 
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THE ESTIMATION OF TOTAL ALKALOIDS IN 
RYE-GRASS {LOLIUM PERENNE L.) 

By Eunice M. Clare and Isobel M. Mork'e, Animal Resparrh Division, 

Department of Agriculture, Wellington 

[Meceived for puhlicaUori, 13th March^ 1U43~\ 

The discovery of a number of alkaloids in perennial rye-grass (Lolivni 
perenne L.) has been reported by Griminett and Melvil]e(l), and a method 
for the estimation of one of these, perloline, was described by Bathurst, 
Reifer, and Clare(2). As yet the properties of the other alkaloids are not 
sufficiently well known to allow rapid separation and estimation of them 
individually. However, in studying the effect of factors such as growth 
conditions on the alkaloid content of pastures it was found convenient to 
estimate the total weight of alkaloids present. For this purpose precipi- 
tation by Dragendorlf’s reagent (a concentrated solution of 22*7 g. potassium 
iodide added to 8 g. bismuth subnitrate dissolved in 20 ml. nitric acid (S.G. 
1*18), and filtered), which was found to precipitate all the rye-grass 
alkaloids which have been isolated, was made the basis of their separation 
from plant extracts. After further jiurification the alkaloids were finally 
weighed as the hydrochlorides. Since the evolution of this method and 
its ajiplication to routine estimations, there has been published by Reifer 
and Bathurst(3) a paper describing a volumetric micro-method for the 
estimation of total alkaloids. 

Procedure 

According to the concentration of the alkaloids, 20 g. to 50 g. of fresh 
grass or a corresponding amount of dried and finely ground material is 
taken for analysis. Forty millilitres of 1-5 per cent, (i ml. concentrated 
HCl (S.G. 1*18) in 100 ml. water) aqueous hydrochloric acid are added for 
each five grams of wet pasture*, and the extract is boiled for five minutes. 
This hot solution is then filtered on a Buchner funnel with No. 1 Whatman 
paper and the residue washed three times with hot aqueous 1*5 per cemt. 
hydrochloric acid. When the combined filtrate and washings are cool, 
freshly prepared Hragendorff’s reagent is added until precipitation is com- 
])lete. The precipitate, which may be left to settle overnight if desired, 
is filtered off on a small Buchner funnel. Precipitate and filter paper are 
transferred to a small beaker and well mixed with 10 ml. of 30 per cent. 
Na.^C 03 * 10 H 20 solution liefore adding 1(X) ml. 90 per cent, alcohol. This 
solution is filtered on the same Buchner funnel, the precipitate extracted 
twice more with the same volume of sodium carbonate solution and alcohol 
and then twice with half quantities. The filtrate is made acid immediately 
with a few drops of concentrated hydrochloric acid. The alcohol is removed 
by distillation under reduced pressure, and the concentrate which is now 
about 50 ml. is cooled and filtered. This is made distinctly alkaline to 
phenolphthalein with saturated sodium carbonate solution, and shaken in 
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a separatiii^j; funiiol with 50 lul. portions of ohlorofonn. It has boon found 
that tlio alkaloids aro ooinj)lotoly oxtraotod vvhon no furthor nnon*soonoo 
of f»orlolino af)jK*ars in Uio (dilorofonn. Thfso (\vtraols aro o<‘ntrifujiod to 
broak tin* oinulsions. Tho alkaloids an* puriliod bv transfornn^ ti\o tiinos 
botwoon fresh lots of acpioous aoid and chloroform, usin^ vcr\ small volumos 
after tho first oxtra(*tion. Just sutficiont hvdrochloiic acid is added to tlu* 
aqueous layer to extract the alkaloid from tin* chloroform, otherwise por- 
lolim* IS lost on drying'. J’he last aqueous extraction of a few millilitr(‘s is 
dried tf) constant w(*if»ht in a round bottomed 15 ml. Ilask undt‘r reduce<| 
])r*essui‘(* on tin* waU‘rd)ath, and the alkaloid pr(‘S(‘nt is found bv W(*iehm;^. 
The amount of perlolino jm-sent is estimated on alnpiots taken befon* ami 
after dryinj^ to clieck anv loss at this sta<»e. 


The method was t(‘sted by the addition 

a ml re(‘o\(*r\ 

of small amounts 

of p(*rlolm(‘ and nn'otim*, first m a(|U(*ous acid 

solution, and then m an aipieons 

ticid extract of marram-gi.i.ss. marram-;jrass Inixin^ been 

found to ('ontain 

no alkaloids. Ida* following tabh‘s jiixc* tin* j 
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I t /tf 1 ( 'tui, U ihl / ix hlot o \( III 


VlllOUKf 

AllldUItt 


d, 

J ( ( (t\ 


Mu. 

per C<Mrt. 

PerlnlifK liydKM'ltlornle 

IT) 

90 

Nieetme li\ dteeliloi id( 

. 19 

SS 9S 

M owJ Solu((on of lUifoltm ah'/ .\ < ol t to m 

l'lih<trf of .~)(i ij 

M n t o( tn-jot ^ 


Aniouiil 
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15 
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A few* t \ pi(‘al results from high alkaloid gi 

<(ss at l{uakura and (lom noimal 

])aslures at Wairoa are given below. 

1*1 t/ohtti 
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(,MU , l'»ou 
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107. 113 

173, 109 

tall \pid, 1942 
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70 72 

I4tli April 1942 
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19th March. 1942 

s 0, 7-0 
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4 .3. 1 3 

1.3. 12 

13tli April, 1942 

0 S . ,7 h 

il. ii 
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<) 1. a .3 
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DrscrssioN 

The number and natun‘ of the cliloroform vsolubic alkaknris in rye-^rass 
is still lar^i'ly unknown and until thes<* are identifiiMl and their projiertu's 
d(dermined, the reliability of the nadhod must be indefiniti*. J)uj)licate 
analyses give satisfactory agrei'inent. 
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STUDIES ON PERLOLINE 

PART 1. PKRLOLINE AND DERIVATIVES: PRELIMINARY 
STRUCTURAL STUDIES 

By E. P. White, dieinical Laboratory, Animal R<*aearrh DiviHion, 
Department of Agriculture, Wellington*, and I. Reifek, Plant 
(^heniistry Laboratory, Department of Scientific and Industrial 
Research, Palmerston North 

[liecrii'fd for pMkalion, 7th Fehniartf, IV4-^] 

Summary 

(1) lias a mnI(‘<Milar weight of at it‘ast (ioO, eoiitaiiis four niethoxy 
groups and an aleoliolie hydroxy group. All four nitrogens art* [irohuhly 
tt‘rtiarv ; only two of them are reaetivc* in salt formation. 

(2) Many stantlard methtals of invtxstigation — (or instance, the customary 
molecular weight determinations - wert* inapplicable to perloline and its 
derivatives. 

(3) Several salts and simple tlerivatives of pt^rlolme were prepared and 
their chemical formula* estahliahtwi. 

(4) ('hemical analysis of these derivatnes coidirmcd the original formula 
of jierloline, (\„H a 40 -N ,. 

(r>) Other (lerivatives were preparetl and purifi(*d. 'I'heir Htni(*ture still 
remains uncertain. 

(ti) Many oxidation products were obtained without achieving e\t(*nsivi* 
ilegradatifm. 

(7) Perloline can be readily converted into imusual w ater-irisolubh* com- 
pounds of non-basic naturi*. Some of th<*m are reconvertable into perloline. 

In the course of investigations on facial eczema during (ln‘ years 1939- II 
a new alkaloid was found to be present in Lolium prmmr. Methods of 
extraction, isolation, and estimation of this alkaloid named perloline wen* 
ficseribed elsewhere in this Jounfal (I, 2, 3, 1, 5). 

From the very beginning, |M*rloline proved to be an alkaloid of rather 
unusual pro])erties. It was decided by the Chemical Laboratory, Dejiart- 
ment of Agri(uilture, and the Plant Chemistry Laboratory, Department of 
Scientific and Industrial Research, to make* a joint investigation of jierloline 
in further detail. At this juncture we wish to thank the Heads of th<‘ two 
Departments for granting us the ojiportunity of collaboration on this work. 

Various salts and derivatives of ])erloline wi'n* prepared with a view 
to gaining more information about the alkaloid, and if possible to establish 
the constitution of perlolim*. Due maiidy to wartime conditions, which 
diverted our activities into other channels, the ultimate objective was not 
achieved. Furtlierniore, in the course of work we found that perloline 
presented unexpected difficulties, such as irregularities in the molecular 
weight estimations. A thorough investigation of perloline would necessitati* 
the isolation and purification of fairly large quantities of tlie alkaloid. All 
perloline at our disposal did not amount to more than 30 g. Howev(‘r 
incomplete our findings may be, we feel that the information obtaimvl so 
far fully justifiivs a preliminary report. 

About eighty-five species representing forty genera of the (Mimineac 
growing in New Zealand, and ten species of the Gyperaceae and an equal 
number of the Juncaceae, were examined for perloline. In most cases 
several samples were examined, and in general stems, leaves, and heads 

* Now Kuakura Animal Research Station, Hamilton. 
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have examined sej)arate]y. Perloliiu* has been found in readily 

dete(‘table eoneentration only in Loliuw pererute L., L. temalrntnm L. 
(^rown both from endophyte-infeeted and endo|)hyte-fre(* seed), Festnca 
arnvdliKwea Sehnd)., Setana InteacenH (Weij^el.) F. T. llubb, and in traces 
in Lollitw midtijlonmi Lam. Seventy-five other species* ^uive no evidence 
for perloline, with doubtful traces in a few cases. 

At about doNv’crinji tim(‘ in Lolimn tenudeutKm and Setarin htteKvens 
most of tlM‘ |)erlolin(* was in the sttuns ((>5 jx^r cent.), with less in 

lcav(‘s (a trace to 30 mj^. p(*r ctmt.) an<l heads (19 ‘iS mjj;. per cent.). 
'I’races wen‘ found in roots, and no alkaloid in the seed. One sample of 
Setdiia total toj)s weij^hin^ ">70 <'ave about 240 me. of perl(»line 
hydrochloride. 

Analysis of tin* hy<lrochloride was reported pn*viously(3) showing a 
formula, 0^ „ H., ,(),N , . The base contained four methoxy croups ami 
formed a hydrochlori<h* with tw'o e(|uivalents of acid. Tin* hydro<*hloride 
was y(*llovv, ami when “ air-<lrv ’ or dried in a vacuum desiccator contained 
about seven molecules of water and ^ave no constant melting-point. It 
b(‘came anhydrous umh‘r In^di vacuum. The y(‘llow base, m.p. I SI , was 
prepared by ammonia diffusion, and after drying in a vacuum the formula 
was ^ Intense drying under hi^di vacuum or heating at 

MiO has shown no loss of w^att*r. The liase w'as reciystalliztMl from alcohol- 
ether »ivm«» prisms, m.j). 20.3 , which contained a molecule of alcohol of 
<rvstalliza,ti()n. Support for the formula was eiven by 

analysis of salts, the di|)icrat<* m.p. 243‘ , the diperchlorate m.p. 2S2 , 
and the dihydriodide of the di-N-methyl base, m.p. 2bl . Most of the 
otiier materials derived from perloline ^ave analytical values which could 
not be re])roduc(*d exactly. Many materials ]>erioline base, methyl- 

[lerlolim*, and demethylated perloline base — were hyjrroscopic and on dryine 
ill a vacuum desiccator or under high vacuum lost some moisture, but 
analysis gave \'alues wdiich were appreciably low'(*r than expected, due 
ap|)ar(*ntly to retcmtion of one molecule of water. Many materials ga\e 
difficulty in the Dumas nitrogen iletermination, often encountered in 
alkaloids, and w^ere hard to burn in carbon-hydrogen determinations. 

* Agrofitis alhfi L., .1. .srttiirt rttrillaUi (Forsk.) ('hri8ten.s, .4. stoh^niff ni L., Agropgroa 
if pens (L.) Heain ., .4. ,s(fihinni Heauv., Aim curi/nphi/Ueu I^., -t. pmvcox L., Alopeenrns 
pmtensis L., Ammophihi atninna (L.) Link, Anthoxanthnni odomfuni L., Airh^nntfitnan 
elntins (L.) Mert. et Koeli., Arnndinnria ap., Arnndo ronspiciia Forst., A. fnlrida Biieli., 
Arena fntiia L., Ihiui inainna L., /L ininot L., Brotnns cannatns Hook, et B, 

cailuirtiriis Valil., B, gussami l^ari., B, moUis 1^., (\)itaderia diaecn (Sprengel.) Speg., 
(\i/nadon dartglon (L.) Pel’s., (\i/no,snnts cristafns L., <\ echinatns L., Ihirti/hs glomerata 1^.. 
Ihtnthania cnnmnghatnu Hook., I). flareMcens Hook. I., IK pilom R.Br., IK raaulii Stcaid., 
I), .semiannnUii IS K.Bi., Dirhelachne crhiita Hook, f., P. srinrea Hook f., Peyenxia area- 
aides Bueh., I), farsteri K until., Digitana sanguinalis (L.) Scop., Belli nocliloe eolona (L.) 
lank, K. erus-galli (L.) Beaiiv., Festnen niultinadis Petrie and Hack., F. n ova e^zelan dine 
(Hack.) ('oekayne, F. riihm L. and var. rovimnlata (Jaud., fibjreiia fimtans (L.) R.Br., 
Hierachlae redoJens B,.Br., llalehns lanatns L., Ifardeinn mnnnnni L., II. rulyare L., 
Ijagurns aratns |j., .M ieialaena armarea Hook, f., M. sfifntides R.Br., Miseanthns nf'jmlensis 
Hack., M. sinensis Anders., .\assella tnch-alania (N«h»s) Hack,, PpUsmenus nnduUiiifoHus 
Beauv., Oryzojisis miliacea (L.) Benth. ami Hook, f., Panirum capill>are L., P . miliaxeum L., 
Paspalvm dilataturn Poir., P. distichum L., PhaUins cananensis L., P. minor L., P. 
iuherosa L., Phleum pratense L., Polypogon tnonspeli easts (L.) Desf., Poa ancejM Forst., 
P. annua L., P. caespitosa Forst., P. pratensis L., P. trivialis L., Setaria verticillata (L.) 
Beauv., Sporobolus capensis Kunth., BtenoUijihrvm seenndatum (Walt.) Kuntze, Biipa 
arundinaeea Benth., S. teretifolia Steud., S. mriabilts Hughes, Trisetum. youngii Hook. f. 
Vulpia megalura (Nutt.) Rydh. ■ of the Cyperaceae — Carejc dissiia Sol. ex. Hook, f., C, 
pumila 1'hunb., Cladimn sinrlairii Hook. f„ Cyperus era^rostis Lam., C. rotundas L., 
Bcirpus cernuus Vahl., S. proUfer Rottb,, Uncinia riparia R.Br., V. uncinaUi (Linn, f.) 
Kukenth. ; of the J ancaceae-^ anciis bufonius L., J, Utmpocarpus Khr., J. nmcer Orey, 
J, paUidus R.Br., LuzaUt campestris DO. 
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Molecular weight determinatioufl gave little iiiforniation. By titration 
the minimum molecular weight of perloline was fixed at about 300. The 
isothermic method of Niederl was the only one giving definite information, 
and this fixed the minimum molecular weight as 650, corresponding to 
The Hast method was inapplicable, due to lack of solubility 
of most materials in camphor and allied solvents and obvious decomposi- 
tions. Methylperloline gave a constant value of about 240. In phenol, 
values for several materials were 170 to 250, apparently anomalous. The 
Bobransky method was also indefinite. Further evidence fixing the 
minimum molecular weight at the 650 level was provided by monoacetyl- 
perloline, whose acetyl content showed one acetyl group for a. molecular 
weight of the base of 650. The minimum molecular w(*ig}it of 650, and 
the presence of all four nitrogens in unsaturated ring systems, place 
perloline among the most eoni])licated alkaloids so far reported. 

Of the seven oxygen atoms of perloline, four are accounted for as 
methoxy groups, Perloline can bo deinethylated to a phenolic base, not 
melting at 350"\ and containing no methoxy groups. This body is a typical 
alkaloid. There, is no ester or lactone grouping, and perloline is stable to 
hydrolytic agents, except alcoholic potash, with which it gi\(‘s a conden- 
sation product, without liberation of acid. The formation of a, nionoaci'tyl 
derivative is taken to show' the ])resenee of an alcoholic hydroxy group in 
perloline. Perloline has no phenolic pro])crtics. The acetyl derivative is 
fVirmed with elimination of a further water molecule, and is a colourless 
material, in.]). 296 3t)()°, showing in solvents a dull }>lue fiuor(*scenee, and 
having no basic properties. Hydrolysis gave ])erl()line. I )einethylat(*(l 
perloline on acetylation gave a [lenta-aeetyl derivative, and di-N-inethyl- 
perloliue still gave a inonoacetyl derivative. These facts, t()getln*r with 
the ease of hydrolysis of acetyl |)erloline, arc* takcni to show that acetyl- 
porloline is an 0-aretyl derivative. 

The thionyl chloride material contains chlorine* and may be* a, chloro 
derivative. There are no ketonie reactions and no mc'tliylcnedioxy grouj) : 
the two remaining oxygen atoms are ether or inert carbonyl groups and 
may account for the lack of basicity of the* tw^o nitrogen atoms. 

Two nitrogen atoms of ])erloline are basic* and form salts, the othen* 
tw'o arc inert. Perloline is stable to nitrite and acid in the cold, and is 
not JN -methylated by formaldehyde and formic acid ; jirimary and most 
tyfies of secondary amino groups are t herefore absent. There is no N-methyl 
group. With methyl iodide perloline forms di-N-methylperloline dihydrio- 
dide, m.p. 264"’. This material with alkali gives di-N-methyl]>erloline base, 
in.p. 199^, a cream-coloured compound of typical alkaloidal projicrties 
forming yellow'^ salts. The same base results from inethylation of jierlolinc* 
by methyl sulphate and alkali. The jiresence of two — NH groujis in jierlolim* 
is unlikely, as these would have to be stable to acetic anhydride, N-methyla- 
tion, and nitrite. It appears that two tertiary (yiyridiiiic) nitrogens are 
'methylated, as happens with harmiiie, and that di-N-inethylperloline is a 
tertiary base. It could not be further methylated readily, but was stable* 
t-o alkali, and did not have properties of a quaternary base. With methyl 
sulphate on refluxing it apparently gave quaternary material, Methyl- 
perloline was acetylated, and the material resulting on hydrolysis formed 
a new weak base which was similar in properties to one of the “ B 
alkafoids(2). 

A number ©f unusual materials was ])repared from perloline, but the 
interpretation is as yet not clear, mainly through inadequate analytical 
data. Alcoholic potash or soda and formaldehyde and alkali formed yellow 
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non-alkaloidal and feebly fluorescent bo«lies, in.p. a])Oiit 200-230^, extractable 
by chloroform from acid or alkaline suspension. Possible fonnulte were 
7 ()i,jN, and respectively, showing no addition of 

carbon to perloline. These; bodies were stable to alkali, but with acid 
reverted to perloline, and on very mild oxidation, gave perloline. Neither 
material would acetylate, and on oxidation according to the Kuhn-Rotli 
procedure no volatile acid was formed. 

Perloline could not be reduced by any means tried, including catalytic 
hydrogenation. Oxidation ])roceeded easily and gave rise to a variety of 
j)roduets all of which contained nitrogen. No non-nitrogen body or simph* 
iicidic material was isolated. Alkaline peroxide formed a white non- 
alkaloidal material, m.p. 290' (dec.), retaining four nitrogen an<l four 
met boxy groups, formula ( N 4 . Acetone permanganate oxidation 
of perloliiK' formed a colourless non-basic material m.p. 29(r, 

n'taining the methoxy and nitrogen gi'oups of perloline. Ai'ctone ])erman- 
lianat-e oxidation of demethylated perloline formed an acidic body, 
perlololic acid," containing no m(‘thoxy groups. The most interesting 
|>rodu(*t of oxidation of perloline is alkaloid “ (V now named p(‘rloIidine. 
This bas(* was isolattal from lye^grass extracts by (Irimmett and Waters(2), 
and material derived from perloline by oxidation has bemi found idmitical 
with their product. 

Perloline itself, tin* demethylated and methylated bases and other 
pro<liicts, also jM^rlolidiiie. ga\(‘ no reactions of an indol(‘ nucleus with a. 
free a or ^ position c.//., with y>-dim(*thylaminobenzald(‘hyde and oth(‘r 
indole reagents. The vapours given off* during some oxidations, and a 
fraction of tin* simple nitrogen bodies resulting from alkali degradation 
of perloline, gava* strong indole n*actioiis and odours. Most of the materials 
L'ave pink colours with p-dinu‘thylaniinobenzaldehyde, others tended to 
purple colours, (^ink colours result from imloles having a free a position, 
<‘rinison-pur])h' colours from friH' ^ position materials(r), 7). Small yields 
of varnish-like highly odoriferous materials giving indole ri'actions wer<‘ 
(‘Xtractable from products of alkali degradation, by ethiu* from acid 
solution. Alkali degradation also gave an ajijireciable basic fraction, part 
of which was isolated as a ])icrate, m.)). 199 ’, the base from which had an 
odour of (jiiinoline. This ])icrate was not. iiientifuMl with that of quinoline 
or some methyl quinolines. Other amine- or pi])eridim‘-lik(‘ mat (‘rial also 
r(‘sult(*d from alkali-degradation. 

Kxi*ekimkntal 

J*rrl()liHe atnl its Sint /tic Saifs 

Pcrlalinc .Rrisc. " Tiie r(‘crystallized hydrochloride was dissolved m v(*rv 
dilute hydrochloric acid, and the warm .solution wais treated with ammoni.i 
gas under a bell-jar (ammonia diffusion). Light -yellow n(‘(‘(lles sejiarated, 
and after two such ammonia diffusions the ba.se was dried in a vacuum 
desiccator, ni.]). 181'^, with reddening from 105 . Jhnse of this m.}). was 
repeatedly prepared in this way from various samples and also by sodium 
carbonate precipitation. From liot solutions a darker base separateil, also 
of m.p. 181'^'. Analytical data gave — 


Foiled. 


Theoretical for 
1 « H a 4 ^^ 7N 4, H jO. 


0 

68 - 4 , C8-3, «8-7, «8-4 . . . . . . ; 

H 

5*20, 5*20, 5*10, 5*22, 5*14, 5*23 . . . . ; 

N 

7-98, 8'18 .. .. .. 

(OCHa)^ 

17-8, 17-8 .. .. .. .. 1 

CHa(N) 

NU .. .. .. .. .. i 


()8*37 

515 

7*98 

18-0 
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There was no water loss on heating to 70® in high vacuum for several 
hours. The base heated at 160® for five hours went red and dark yellow 
on cooling, m.p. 180®, and gave (• — 69*06, H = 4*78. Some of the above 
base was dissolved in hot alcohol, concentrated, excess ether added, and 
the precipitated shining prisms were dried. These hat! a m.p. 252'^' with 
blackening from 245^’. Analytical data gave 


Koiiiid. 


Tlieoreilral for 
<‘ 4 uH, 40 ,N„ CjH sOH. 


0 

II 


( 18 - 93 , 69-10 .. 
()- 30 , 5-66 


69-23 

5-50 


Molecular distillation of the base led to considerable decomposition, 
but some distilled over unchanged. Perloline base is almost insoluble in 
water, ether, isoamylether, anisole, and dioxane, soluble to about 1 per 
cent, in alcohol, chloroform, pyridine, less in acetone, still less in cyclo- 
liexanol. The solutions are yellow with green fluorescence. Colour and 
fluorescence v*ary in intensity in the various solvents. It is readily soluble 
in phenol. The chloroform solution is unstable in bright sunlight, loses 
its fluorescence quickly, and decomf)oses, forming yellow non-basic rnatc'rial. 

The molecular weight in phenol gave a value 170, and perloline was 
recovered from the solution. Urethane could not be used as a solvent, as 
combination took place. The Rast method was inapplicable, due to rapid 
decomposition at the high temperature Tlie isothermic method of Niederl 
and Niederl(lO) was used employing a nearly saturated solution of ])erloline 
in chloroform (c = 35*1 mg. in 4*9 ml. of solution). This solution showed 
least change with a solution of azobenzene in chloroform at ()*()Im, which is 
rather dilute for accurate measurements, but nevertheless fixed the molecular 
weight of perloline at a minimum of 650 -7(K). Th(‘ Bobransky method in 
alcohol or chloroform failed to give definite results, due to the sparing 
solubility of perloline and the slow rate of solution. Perloline was dissolvcMl 
in a known volume of standard acid, an equal volume of acetone added, 
then cochineal indicator, and the solution titrated with alkali to a definite 
end-point. The equivalent was 280 350. Active hydrogen determinations 
failed through insuflicient solubility of perloline in anisole. 

Perloline Dihf/drochloride . — JVrloline was isolated from grass in this 
form and was repeatedly recrystallized from water, in which it is moderately 
soluble. The pure material was pale yellow when air-dry, but when 
contaminated with even small traces of tarry material retained a red colour. 
The red forms (constituting most of the so-called “ B ” fractions of Grimmett 
and Waters(2) ) when purified gave yellow perloline hydrochloride. The pure 
pale-yellow salt was obtained by washing the red crystals with small quanti- 
ties of absolute alcohol. The air-dry hydrochloride contained 13 15 per 
cent, of moisture, theoretical for 2HG1, 7HjiO is 14*3. The 

moisture was not lost in a vacuum (lesiccator, but was removed on drying 
in high vacuum. At an intermediate stage of drying a red colour appeared, 
but the anhydrous material was yellow. Analysis of dry hydrochloride is 
reported previously(3). The melting-point of many samples of air-dry 
material was in the range 220 265®. These samples also showed considerable 
variations of solubility in alcohol and acetone, but all fractions 
were perloline ^hydrochloride. Further analytical data gave N (micro 
Kjddahl) ^ 7-81, 7*34, and methoxy 16*2. The aqueous solution was 
optically inactive (c = 0*93 in water). 
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PerUdim Dtpicraie , — The neutral or slightly acid solution of the hydro* 
(chloride with excess saturated aqueous picric acid deposited an amorphous 
precipitate. Using pure perloline hydrochloride, small clusters of tiny 
needles were soon formed. Recrystallization from acetone- water gave 
yellow needles, ni.p. 242''. This picrate was also prejiared from sevT^ral 
red forms of perloline hydrochloride, from the total alkaloid of Velaria 
luteacens and Festuca anindinacea as yellow or reddish needles, ni.]). 242'^’, 
showing no depression on admixture with authentic picrate. Analytical 
data gave — 


Kniiud. 


(’alculattHl lor 
(U,H»0,N,),. 


c 

H 

N 


5(i-7 . . 

3-35 . . 

12-24, 12-()S .. 
1 1 *3 . . 


54-8 

3*411 

12-2a 

10-92 


Perlohyte Di perchlorate. -(Comparatively concentrated solutions of th(‘ 
hydrochloride and excess jierchloric acid gave characteristic spheroids of 
needles. Recrystallization from acetone-water on concentration gave 
yellow needles, m.]). 284 ’ (dec.), with slight sintering from 235 . From 
solutions containing much acid or from impure red forms of the hydro- 
chloride, a persistently r(‘d form of the ]>erchlorate formed, recrystalliz(*d 
as red needles, m.p. 284', showing no depression on admixture with the 
yellow form, hut often further sintering before melting. Analytical data 

gilV(* 



Foiiiid. 

lor 

< ' 

r»3-i) . . 

.■>4-2 

H 

4-12,4-12 

4 (Mi 

N 

(i-3<), (1-29 .. 

(1-35 


14(1 .. 

14-04 


Perhdine Mercnrichlorides. Neutral solutions of piuloline with excess 
mercuric chloride gave yellow crystals, recrystallized from hot water in 
which they are s|)aringly soluble, m.p. 205’. From acid solutions the 
pr(*eipitat(* was orange-red and was recrystallized easily from hot water, 
m.p. 201'’, 199". 

Perloline /^c/acc/'uYc. —Aqueous solutions of perloline hydrochloride and 
ammonium reineckate deposited reddish crystals; recrystallization from 
acetone-water gave yellow stubby prisms, decomposed at 195 205*^ without 
melting at 275". 

Mierochenncal Slide Reuctims of Perloline , — Ferloline gave highly 
insoluble precipitates with most alkaloid reagents ; precipitates are mostly 
amorphous on the slide and only a few crystallize readily. Precipitates 
with potassium bismuth iodide, jiotassium mercuric iodide, potassium 
tri-iodide, gold chloride and bromide, and platinum chloride did not 
crystallize. The precipitates with bismuth iodide separated from a 1 : 10, (XX) 
solution of perloline on standing overnight. The picrate separating first 
formed large clusters of fine needles, perchloric acid in reasonably concentrated 
solutions gave large spheroids of fine needles, gradually developing into 
large needle clusters. Potassium cadmium iodide slowly formed rod and 
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blade clusters. The bromo salts formed as described by White(ll, 12) 
are characteristic and useful for re<‘ognitiou of perloline in reasonably con- 
centrated solutions. The cadmium and mercury bromosalts are similar, 
first appearing as small spheroids, developing to large hexagonal rods (h 
plates, mostly isolated, and" often ])aired. The bromosalts with bismuth, 
lead, and antimony form large clusters of fine needles. 

Adsorption of Perloline 

Perloline is very easily adsorbed by charcoal, but no way was found of 
recovering it. The neutral solution is adsorbed on the fibre of grass, and 
washed off by dilute acid. Thus in the extraction of alkaloid from wet 
grass by juice-extraction procedures the mHiority of the alkaloid remains 
on the fibre. Miss 1. M. Morice (Chemical Laboratory, Departnumt of 
Agriculture) reported that perloline in alcohol is not very strongly adsorbed 
on activated alumina, slightly on calcium hydroxide, and not at nil on 
calcium carbonate and sugar. 

Struct tiral Evidence on Perloline 

The m(‘thvleiiedioxy reaction descnb(‘d by (}adarner( b‘3) was negative*, 
using cotarnine as a standard. Perloline is insoluble in carbonate and 
sodium hydroxidii solutions, gives no Millon reaction, and is unaltered 
by lead tetra-acetute. m acetic acid (absence of glycol grou])s). It is stable 
to continued standing with concentrated hydrochloric acid, but after long 
refluxiiig with acid some demethylation took [dace. Cold 50 [kt cent, 
sulphuric acid was without action, as was also prolong(‘d standing with 
concentrated sodium hydroxide. Refluxing with »‘K) ])er cent, sulphuric 
acid in tin* Kuhn-Roth apf»aratiis gave no volatile acirl. Sodium nitrite 
and dilut(». hydrochloric acid was without action in the cold. The typical 
indole nucleus reactions with p-dim(*thylaimnobenzaldchyd(‘, vanillin, and 
the Hof)kius-Cole reaction were negative. 2, l-dinitrophcnylliydnuinc in 
dilute hydrochloric acid and seinicarbazinc in neutral solution gave no 
preeiju tales. 

AceUjIdtio^t of Peiloltne. Perloline* base was refluxed gently for fi\'c 
hours with excess of ac(*tic. anhydride, forming a red solution. Most of 
the anhydride was b()ih*d off, then water added, and the solution boiled. 
A whitish-brown product sef)arated and was filtered off, leaving a yt*llow 
solution with green fluorescence, not due to pf*rloline. The solid was 
extracted with hot chloroform, the solvent partly boiled off, and acetom* 
added, when a creamy-yellow solid separat(*.d leaving a yellow solution. 
Acetone washings removed further colour. 197 mg. of perloline gave 
116 mg. of needles at this stage, blackening at 26.5 -27(P without melting. 
Further recrystallizatioii from chloroform-accitoiui gave cream needles, 
in.p. 296-300” (dec.), with sintering from 280'\ 142 mg. of perloline base 
gave 70 mg. of pure acetyl derivative. Analytical data gave -- 


— 

Found. 

'J’lioori'tieal for 
e.oUasOvN dOCUHa). 

Tln'or<‘ti« }il lor 
e..uH3aO,N ,(OCCH 
-HjO. 

c 

70*3, 70-3, 70‘4 .. 

00 01 

71-24 

H .. 

4-81, 4-74 

4-00 

4-81 

N .. 

7*97, 8*01 

7-70 

7-92 


16*5, 15-8 

17-1 

17-5 

6-2, 5-6, 7-3, 7-2 . . 

5-8 

0-1 


* • Ac«‘t-yl by rett«\luy( nirf. of martwlal with :10 ijit cfiit. Hulphurlc acid for thret} hours in the 
Muhu-iiutli apparatus, acetic acid detfarmiaed by the Friedriob*Rapoport method. 
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Acetyl perloline is almost insoluble in water, ether, very slightly in 
acetone, alcohol, more readily in chloroform. It is readily extracted from 
acid or alkaline suspension by chloroform, the solution being colourless with 
a dull blue fluorescence. There were no typical alkaloidal properties. On 
refluxing for a short time with dilute sulphuric acid perloline was formed 
in quantity. Lead tetra-acetate in acetic acid was without action. The 
material gave a strong red Millon reaction. 

Devmihylation of Perloline , — Fifty per cent, sulphuric acid has been used 
to demethylate some alkaloids — for example harmine to harmol(8, 9). 
419 mg. of perloline hydrochloride was refluxed five hours with 12 ml. of 
50 per cent, (by volume) sulphuric acid, after which time only a trace of 
perloline remained. During the action there was a strong odour of phenol. 
The solution was diluted, any traces of tarry material filtered off, the solution 
concentrated and neutralized with sodium carbonate. The yellow solution' 
became dark red-brown and a dark precipitate separated. This was washed 
with water and weighed 229 mg. Similarly, 310 mg. of perloline hydro- 
chloride gave 120 mg. of base. The base was dissolved in very dilute 
hydrochloric acid and precipitated by several ammonia diffusions, finally 
washing with a little alcohol to remove any traces of perloline. The 
purified base was finely crystalline, dark brown in colour, and showed red 
streaks on scratching. In another preparation 523 mg. of perloline hydro- 
chloride gave 309 mg. of demethylated base using ammonia for precipitation 
and diffusion. The pure preparations did not melt at 350*^. Analytical 
tlata gave— 


— 

FoiincJ, 

Thporetiral for 

HaO. 

c 

66-8, 66-8. 67-65*, 67-34* 

87 (tH 

H 

4 07, 4- 1 8, 442. 4-29*, 4-20* 

4-22 

Nt • • 

8-76, 8-70, 8-98, 8-94, 8-88, 8-72 .. 

8-69 

(OCH,). 

Nil 

Nil 

€H,(N) 

Nil 

Nil 


* liitoutiely dried over P,0, hi higli v acuutii. t Deterniiuatlons by the iniero Kjeldatil pave 

low valuea, for baae 7’8, O-ri, and hydroch loride 4*1. 


Demethylated perloline is slightly soluble in boiling alcohol, water, 
acetone, and chloroform to solutions of faint-yellow colour with a trace 
of faint-green fluorescence. It is insoluble in ether, and not extractable 
from any alkaline solutions by solvents. In dilute sodium hydroxide it is 
readily soluble to form a dark-red solution ; it is not soluble in ammonia 
or carbonate. It dissolves readily in acids forming yellow non-fluorescent 
solutions of the salts. An orange hydrochloride recrystallized from alcohol 
melted at 210° an<i an amorphous picrate at 206°. The base when subjected 
to molecular distillation at 0*01 mm. was visibly decomposed at a high 
temperature, and from the white sublimate (with much dark carbonized 
material) a small amount of perlolidine was isolated. The microchemical 
reactions of demethylated perloline are similar to those of j^erlolitie. 
Crystalline precipitates were obtained with potassium cadmium iodide, the 
bromo salts, and less-distinct crystals with gold chloride, bromide, and 
perchloric acid. 

Demethylated perloline did not give a Millon reaction or any colour 
with ferric chloride. 21*1 mg. of perloline was demethylated in the Kuhn- 
Eoth apparatus and the solution distilled. No volatile acid was formed. 
A solution of the base in concentrated sodium hydroxide formed perlolidine 
slowly in the cold, rapidly on warming. A few milligrams of base were 

4— Sotence. 
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refluxed with normal methanolic potash ; the red solution on acidification 
developed a strong blue fluorescence, and from this solution a small amount 
of perlolidine was isolated and identified by several microchemical reactions. 
IGO mg. of the base was dissolved in alcoholic potash and refluxed for two 
hours, water added, and the alcohol boiled off. About 14 mg. of demethy- 
lated body insoluble in acid was filtered off, and from the solution 14 mg. 
of perlolidine base, in.p. 323®, was isolated. 

Acetylation of Demethylated Perloline . — 113 mg. of demethylated perloline 
was refluxed with excess acetic anhydride for three hours. A blue-green 
fluorescence appeared. Most of the anhydride was boiled off, and the 
remaining anhydride decomposed by adding water and boiling. The brown 
precipitate was filtered off, some specks of tar removed, and the precipitate 
suspended in dilute acid and extracted with chloroform. The extract was 
faint yellow with a blue fluorescence. On concentration a slightly dis- 
coloured precipitate formed, and was washed with acetone. Yield, 68 mg. 
of light yellow needles, m.p. 216® (dec,). Analytical data gave — 


Found. 

(OCCH,) .. 24-4, 24-3 


Tli«“oretli'«l for 
. . 26-6 


The solution after hydrolysis was apparently demethylated perloline. 
Penta-acetyl-demethylated perloline is insoluble in water, soluble in 
chloroform to a solution of faint-yellow colour and blue fluorescence. It 
is soluble in carbonate solutions. 


Oxidation of Demethylated Perloline. — 23*8 mg. of demethylated perloline 
was suspended in 50 ml. of water, sodium carbonate and permanganate 
added until a faint pink colour remained. An indole-like odour was 
detectable, but no crystalline precipitate formed. The solution was con- 
centrated, acidified, and distilled in the Kuhn-Roth apparatus. About 
0*4 molecular proportions of acid were formed, and the residual solution 
gave a trace of perlolidine. 

Demethylated perloline was oxidized in hot dilute sodium hydroxide 
solution with permanganate until a faint pink colour remained. The aqueous 
solution was acidified, made alkaline with carbonate, and extracted with 
chloroform. From this solution a concentrate was obtained which gave 
complete agreement with the properties and the miorochemical reactions 
of perlolidine. 

241 mg. of demethylated perloline base was dissolved in 30 ml. of water 
containing a drop of dilute sulphuric acid, carbonate added to slight alka- 
linity, then permanganate added to the hot solution until a definite pink 
colour remained. The solution was acidified with dilute sulphuric acid, 
and sodium sulphite added to the hot solution until all the manganese dioxide 
had dissolved. The solution was filtered and concentrated. On standing 
overnight the solution deposited slightly discoloured crystals, which were 
filtered off and ivashed with a little water; yield, 40 mg., m.p. 268-271°. 
This material was extracted with hot alcohol, leaving a trace of tarry material, 
and alcohol almost removed. Water was added, the solution clarified with 
norite, and the concentrated solution left standing overnight. 19 mg, of 
colourless needles formed, m.p. 279-281®. The mother liquor gave a few 
more milligrams of the same material. The mother liquor from the initial 
separation gave on extraction only a trace of tarry material. Analytical 
data gave — 

. C = 54*90, H =:= 4*47, N = 19*68 ; (OCH3) and CHgtN), Nil. 

This material was insoluble in wa jer and dilute acids, sparingly soluble 
in hot alcohol or chloroform, and soluble in dilute alkali. 
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Oxidation of DemethyUited Perloline by Lead Tetm-acetate.— A few milli- 
grams of base were dissolved in glacial acetic acid and stood overnight with 
excess lead tetra-acetate. The red solution when diluted showed a strong 
blue fluorescence. Perlolidine was isolated from this and identified by micro- 
chemical reactions. 108 mg. of base was dissolved in acetic acid, and excess 
lead tetra-acetate added and the mixture shaken. After a few hours much 
perlolidine appeared and increased in concentration for about twenty-four 
hours. Then the fluorescence began to disappear, and after about four 
days only a trace of perlolidine remained. No other alkaloidal body appeared 
to be formed. 

The Action of Methyl Iodide on Perloline. — Perloline base was suspended 
in excess acetone (usually not sufficient for complete solution), excess methyl 
iodide added, and the solution allowed to stand for a day with intermittent 
shaking. All the perlolim^ dissolved, and the solution lost all its green 
fluorescence, assuming a red colour. Evaporation of the solvent gave a 
yellow residue, which was washecl with a little acetone to remove a trace 
of nssinous material. The residue was yellow, separate preparations melting 
at 261°, 259°, and 259°. It was recrystallized from hot acetone, in which 
it is soluble to less than J per cent., forming a red solution, giving on con- 
siderable concentration yellow needles, m.p. 264°. Analytical data gave — 


— 

Found 

Theoretical for 

r ~ T. 

5215, 51-84, 51-92 

52-19 

H 

4-25, 4-19, 4-47 i 

4-14 

N 

5-89, 5-81 

5-80 

((K'H,). 

11-9, 12-4 

12-83 

<'H,(N) 

2-65 .. .. .. .. , 

1 3-10 


The hydriodide was readily soluble in water, giving a yellow solution 
without fluoresctmce. The aqueous solution was treated with sodium 
hydroxide, when a pale-yellow gelatinous precijiitate formed. This was 
extracted with chloroform, the chloroform extract shaken A\ith dilute acid, 
and the acid solution ammonia diffused. The cream-coloured precipitate 
of fine needles was dried, washed with a little acetone, which left a faint- 
cream material, m.p. 199 201°, showing no depression on admixture with 
di-N-methylperlolme of m.p. 200°, prepared by the methyl sulphate-alkali 
method. 

M ethylation of Perloline. — Perloline base was refluxed with excess formal- 
dehyde and formic acid for several hours, but only perloline was recovered. 
Perioline hydrochloride in about 1 per cent, aqueous solution was treated 
with a few drops of concentrated sodium hydroxide, then excess methyl 
sulphate added in small fractions with frequent shaking. The solution was 
made alkaline when required. 

After about half an hour the yellow colour of perloline faded and a preci- 
pitate of cream needles separated. These were filtered off, washed with 
water, and recrystallized by ammonia diffusions from faintly acid solutions. 
The base was washed with a little acetone each time to remove a trace of 
yellow material which developed during manipulation. 552 mg. of perloline 
hydrochloride in 100 ml. of water gave 244 mg, of methylperloline base 
after two ammonia diffusions. This melted at 199°, as for other preparations, 
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and was not altered in ni.p. on further purification by diffusion. Analytical 
data gave — 


— 

Found. 

Theoretical for 

c 

68-31, 68-51 . . 

69-23 

H 

[ 5-69, 6-20 

5-49 

N 

7-84, 7-80 

7-69 

(OCH,), 

17-4, 18-1 

17-03 

(CH,(N)), 

3-8 

4-12 


( Metihylpei^ioliiie baoe is alightly soluble in water, more so in acetone and 
«ther, vetuMj in alcoliol chloroform, and is easily extracted from alkaline 
solutions by solvents. Solutions of the base in chloroform have a faint- 
yellow colour with little, if any, fluorescence. Solutions tend to darken 
during manipulation to form some of the yellow material mentioned above. 
In the molecular weight by the Kast method no apparent decomposition 
or combination was evident and values 247-249 and 246-248 were given. 
The Bobransky method gave indefinite values as with perloline, although 
methylperloline is fairly soluble in the solvents. In the active hydrogen 
determination with anisole as solvent (l’5.ml.) the base was just sufficiently 
soluble (10 mg.). 10*9 mg. (9*9 mg.) of base gave 0*43 ml. (0-33 ml.) of 
methane at 20®, calculated for one active H, and a molecular weight of 
700 is 0*36 ml. (0*32 ml.) at 0°. The residual material was yellow and 
extractable from acid solution by chloroform. 

In distinction to the base, the salts of methylperloline are strongly yellow 
coloured (like perloline salts), but without fluorescence. A small amount 
of hydrochloride recrystallized from alcohol-acetone formed yellow needles, 
m.p. 268-270® (dec.). The microchemical slide reactions were similar to 
those of perloline, largely amorphous, and very insoluble. The perchlorate 
crystallized readily and was distinct from that of perloline. 

A dilute solution was made just alkaline and heated with permanganate 
until a faint pink colour remained. From the solution perlolidine was 
extracted in small yield and identified by many microchemical reactions. 
105 mg. of the base was oxidized as above with excess permanganate, the 
manganese dioxide dissolved by passing in sulphur dioxide, and the solution 
concentrated. A white crystalline material formed, yield 7*6 mg., m.p. 
200-210®. Methylperloline base was refluxed with excess aqueous or alco- 
holic potash, but only methylperloline was recovered ; 100 mg. of the base 
was refluxed for long periods with excess methyl iodide in acetone, methanol, 
or ethanol, but in each case only methylperloline base was recovered. Methyl- 
perlolitie base was refluxed for half an hour with excess methyl sulphate, 
water added, and the solution warmed. It contained yCllow material not 
extractable by chloroform from acid or alkaline solutions. A dilute solution 
treated with a few drops of formaldehyde made just alkaline and warmed 
gave yellow-green needles. 

Acetylation of Methylpe^loKne,—l4:l mg. of methylperloline was refluxed 
with excess acetic anhydride for three hours, when the solution became dark 
and strongly green fluorescent. Water was added and the solution warmed, 
when, a dark precipitate formed with tarry material. Some tar was removed 
mechanically. Hydrochloric acid was added and the solution extracted 
with chloroform. , The chloroform extract was then shaken into dilute 
carbonate, when most of the yellow material went into the aqueous layer. 
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The alkaline solution was made just acid and again extracted with chloro- 
form. The residue after removal of solvent contained some tar. It was 
•dissolved in glacial acetic acid, and thrown out by water as yellow plates, 
m.p. 180*185°, yield 22 mg. 110 mg. of methylperloline similarly treated 
gave 17 mg. of needles, m.p. 219-221° (dec.). Analytical data on the two 
preparations gave — 



Found. 1 

Theoretical for 

(Ori'H,). 

<CH,CO) 

qc 

5-8 • 


16-9.. 

16-6 


Acetyl methylperloline is soluble in chloroform, giving a yellow solution 
with no fluorescence. It can be shaken from chloroform into alkali. It 
is insoluble in water. 

The solution remaining after hydrolysis by dilute sulphuric acid was 
yellow. When this was shaken with chloroform a pink colour with strong 
yellow fluorescence was extracted slowly. The same material was extracted 
readily when the solution was made alkaline. 297 mg. of methyl- 
perloline was treated similarly, but only a trace of the acetyl material was 
obtained. The chloroform extract was shaken with alkali, but little dissolved 
in the watery layer. The non-extractable fraction and the original acid 
solution were mixed and made alkaline, when much of the pink material 
was extracted. A few milligrams of yellow hydrochloride of this base were 
obtained. The material proved to be an alkaloid. Acid solutions gave 
strong alkaloid reactions. The yellow hydrochloride is soluble in water. 
The alkaloid was extracted readily from alkaline solutions by chloroform, 
giving a pink colour with yellow fluorescence. Dilute acid solutions were 
sufficiently hydrolyzed to allow the free base to be extracted appreciably 
on shaking with chloroform. The chloroform solution showed an absorption 
maximum at 535 m/x. 

Demethylation of Methyl])€rloline. — 20() mg. of methylperloline was 
refluxed with 4 ml. of 50 per cent, sulphuric acid for three hours. The 
yellow solution was made alkaline wdth carbonate, giving a dark precipi- 
tate with a red supernatant solution. The precipitate weighed 132 mg., 
m.p. 286°. It was purified by dissolving in acid, washing with chloroform 
to remove some tarry material, and then by ammonia diffusion. The 
black amorphous precipitate was washed with alcohol, and weighed 38 mg., 
not melting at 330°. It was similar to demethylated perloline in properties. 
Analytical data gave — 




Theoretical for 

_ 

Found. 

,(0H)4 
(CH ,) ,. 

<CH,(N)). 

4*2 .. 

4-0 

N 

5*7 .. 

8-0 


On standing in sodium hydroxide solution, this material gave some 
perlolidine. 


The Action of Alcoholic Potash on Perloline. — 227 mg. of perloline 
hydrochloride were refluxed for three hours with 5 ml. of 0*5 N alcoholic 
potash. On dilution a precipitate formed, and on making acid a light- 
yellow flocdulent precipitate appeared. This was washed with water, 
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dissolved in chloroform-acetone, concentrated, and precipitated out by 
addition of water. The product was yellow and contained traces of tar. 
The yield was 186 mg., m.p. 199-206°. A portion of this material was 
dissolved in chloroform and shaken with alkali, chloroform almost boiled 
oif, taken up in acetone, and thrown out with water. The yellow precipi- 
tate melted at 203°. 

Another preparation extracted from alkaline suspension by chloroform 
gave a m.j). 214°. Recrystallization from chloroform-acetone gave small 
yellow crystal clusters, m.p. 223°, with blackening from 206°. The various 
preparations showed no mixed melting-point depressions. Analytical <lata 
on various preparations gave — 



Found. 

Theoretical for 

c 4 oH #gO 1 0^ 4* 

c 

64-81 

65*38 

H 

6-04.. 

5-17 

N 

7-47, 7-68, 7-78, 7-71, 7-74 .. .. ! 

7-63 


16-0, 16-2, 16-2, 16-2, 160 

16-8 

rH,(N) 

Nil .. 



No differences were found in the products extracted from acid or alkaline 
solutions, Alcohol condensation product ” forms small yellow needles, 
m.p. 223°, probably not as yet obtained in a highly pure state. The solution 
in chloroform is yellow with little, if any, fluorescence, and this is not 
altered by acid or alkali. It is slightly soluble in alcohol and chloroform, 
less soluble in acetone, insoluble in water, dilute acids, and alkalis. 
20-30 mg. amounts of perloline were refluxed with 5 ml. of n alkali in 
methanol-water for several hours, and volatile acid determined after 
removal of alcohol. Less than half a molecular proportion was found. 
To determine this point more exactly, 881 mg. of perloline base were 
refluxed with 40 ml. of 0*5 n alcoholic potash for three hours. The alcohol 
was reniovTd, water and sulphuric acid added, and the preci [litate filtered 
off. , The solution on steam distillation gave about 0-1 of a molecular pro- 
portion of acid. The precipitate, m.p. 214°, was also steam distilled from 
dilute sulphuric acid suspension, but no acid was obtained. Oxidation 
of “ alcohol condensation product ” by the Kuhn-Roth (^-methyl procedure 
gave no volatile acid. 

The material was stable to alkali. On boiling with concentrated hydro- 
chloric acid for a few minutes, or on refluxing a short time with 30 per cent, 
sulphuric acid, perloline was formed in high yield. Perloline was also 
formed in quantity when the material was treated with a minute amount 
of oxidizing agent such as permanganate in the cold. A small amount of 
the material was suspended in water, made alkaline, and boiled with a 
little permanganate. An appreciable amount of perlolidine was isolated 
and identified by microchemical reactions. 

Acetylation of “ Alcohol Condensation Product '' — 161 mg. of the above 
material was refluxed three hours with excess acetic anhydride. A red 
solution formed from which water precipitated a yellow flocculent material. 
This was extractable by chloroform from acid or alkaline suspension. Yield 
127 mg., m.p. 197°, not further depressed on admixture with the original 
material, Anal 3 rtical data gave — 

N 6-94 ; (OCHg)^ = 15*7, 15-2, (OCCH J == nil. 

The residue ftom hydrolysis in the acetyl determination appeared to 
be alcohol condensation product.” • 
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Demethylation of “ Alcohol Condemation Product.'' — 392 mg. of this 
niaterial were refluxed for three and a half hours with 10 ml. of 50 per cent, 
sulphuric acid. Partial neutralization after dilution gave 115 mg. of dark 
precipitate ; in neutral solution a further 15 mg. sei)arated, and on making 
alkaline with carbonate 120 mg. of red material separated. Each of these 
fractions was insoluble in chloroform and solvents, but dissolved in caustic 
alkali solutions to form deep-red solutions. 

The Action of Formaldehyde on Perloline. — Perloline hydrochlorid<» was 
made slightly alkaline and boiled for five minutes with 40 per cent, formal- 
dehyde solution. A yellow crystalline precipitate formed. This was extract- 
able from acid or alkali by chloroform, to give yellow non-fluorescent solutions. 
If the perloline solution is treated with a few dro])s of formaldehyde and 
heated, a brick- red precipitate is formed. This material was purified by 
extraction from acid solution by chloroform and was obtained as a crystal- 
line yellow powder by addition of acetone. Analytical data gave — 



F<mii«l 

Theorftl«‘al for 
(’ioU*oO.N.. 

V 

OU-6, (>0-9 


H 

5*71, 5-70 

5 • 55 

N 

7*82, 7-99 

7-77 


17-3, 17*3 

Nil .. 

17-22 


“ Formaldehyde condensation product " melted at 198 2()()' , with 
darkening from ]8(f. The (^-methyl determination gave no volatile acid. 
Boiled a few minutes with concentrated hydrochloric acid, this material 
formed perloline in high yield. It was stable in alkali, and with a trace of 
oxidizing agent (permanganate or dichromate) formed ])erk)line. 21 mg. 
^)f this material were refluxed with acetic anhydride. On dilution a yellow 
])recipitate formed extractable by chloroform from acid or alkaline susjiension. 
On standing with acid this residue gave perloline in largo amount. 

The Action of Thionifl Chloride on Perloline. -Perloline base refluxed five 
hours with phosphorus trichloride was unaltered. 190 mg. of perloline base 
was refluxed four hours with thionyl chloride, when a deep-red solution formed 
and most of the perloline disappeared. Excess water was added and the 
solution boiled. A discoloured amorphous precipitate and some tar sejiarated. 
The acid suspension was extracted with chloroform, giving a reddish-yt41ow 
solution, which was concentrated. The residue was dissolved in alcohol 
and thrown out by water, giving 50 mg. of amorphous discoloured yellow 
material, m.p, 175° (dec.), with reddening from 120°. Another preparation 
also melted at 175°. The purest material obtained dissolved in chloroform 
from an acid or alkaline solution, forming a yellow solution with slight green 
fluorescence. It was insoluble in water and alkalis, appreciably soluble in 
concentrated acids. It contained chlorine detected by sodium fusion, and 
was more soluble in acetone than the “ alcohol condensation product/’ 
which it resembled. There was no dejiression on admixture with this 
material. Analytical data geve — 

(OCHa)^ 14-2 and no CH 3 (N). 

The Action of Hydroxylamine on Perlolim. — 62 mg. of perloline base 
were refluxed with 20 mi. of alcohol and sodium carbonate and excess 
hydroxylamine hydrochloride. The solution went red, and after a time 
water was added and the alcohol boiled off. The solution was acidified and 
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extracted with chloroform. The red extract on evaporation left a chocolate 
coloured residue. It was purified by solution and precipitation by water^ 
m.p. 100°. Analjrtical data gave — 

( 0 CH 3 ) = 13-3; no CH 3 (N). 

Oxidation of Perloline 

Oxidation by Alkaline Hydrogen Peroxide . — In the neutral or acid 
solution hydrogen peroxide had no effect on perloline, but there was a 
ready action in strongly alkaline solution. Perloline hydrochloride in 
dilute aqueous solution (1 : 1,000) was divided into several portions and 
heated to 80°, several drops of sodium carbonate added to each, then 
hydrogen peroxide drop by drop, and more alkali if a ready reaction did 
not take place. The solution went dark brown and a strong odour rather 
like that of skatole appeared. A pine shaving moistened with concentrated 
hydrochloric acid and put in the vapour went red. After further heating 
the solution became light in colour and small clusters of white plates 
appeared. These were allowed to separate on standing, were filtered oftV 
washed with a little water, and recrystallized from hot alcohol-water. In 
a few cases the yield was almost nil, generally it was appreciable. From 
372 mg. of perloline hydrochloride, 86 mg. of product resulted : from 
1727 mg., 176 mg. ; and from 240 mg., 42 mg. These preparations melted 
at 289° (dec.), 286°, and 288°, and on recrystallization from chloroform- 
acetone melted at 290° (dec.). Analytical data gave — 


.. __ 

Found. 

Theor«*tirttl for 

C’ 8 iU , (0 4 

c 

66-69, 66-9 . . 

65-9 

H 

6-32, 4-86, 5-(K) 

5-24 

N* 

8-14, 8-03 

8-12 

(0CH,)4 .. i 

18-7, 19-3, 18-6 

181 

CH3(N) 

1 

Nil .. 



* K.j<*ldahl ultrugen was low ; 6-7, 0 0. 


“ Peroxide oxidation product '' is insoluble in water even on boiling,, 
insoluble in ether, petrol, anisole, camphor. It is slightly soluble in dioxane 
and acetone, more soluble in alcohol (1 : 2,000 at room temperature), and 
still more in chloroform and phenol. It is not visibly soluble in hot 50 per 
cent, hydrochloric acid or in concentrated sodium hydroxide. It is soluble 
in concentrated hydrochloric acid and separates on dilution. It is extract- 
able from acid or alkaline suspensions by chloroform. The molecular weight 
in phenol was 202. Fusion with alkali gave the same skatole-like odour 
as perloline itself. Lead tetra-acetate in acetic acid was without action. 

The residues from one oxidation had a strong indoloid odour. The 
alkaline solution was concentrated, made acid, and allowed to stand. Further 
“ peroxide oxidation product ’’ separated. The solution was then extracted 
with ether, when a few milligrams of varnish-like material were obtained. 
This residue had a strong odour of indole, and with p-dimethylamino- 
benzaldehyde in acid solution gave a dark-red colour. On standing a few 
days the odour disappeared and this reaction was no longer given. Residues 
from another preparation (from 500 mg. of perloline) were made acid and 
allowed to stand. Concentration to 25 ml. caused tarry material to separate. 
Th^ solution was treated with sodium nitrite and boiled for fifteen minutes. 
The acidified solution was extracted with chloroform, and this solution 
shaken into ammoma. The solution was acidified and again extracted 
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with chloroform. This was concentrated in presence of water, and on 
cooling a discoloured material separated, weighing 50 mg. Recrystal- 
lization from acetone-alcohol gave colourless material, m.p. 204-209°. 
Analytical data gave — 

N = 8-03, OCHy and (^H 3 (N) nil. 

Oxidation of Perloline by Acetone Permanganate . — 408 mg. of perloline 
was dissolved in 50 ml. of hot acetone, and finely ground potassium perman- 
ganate added to the warm solution until a pink colour persisted. The 
whole was dried, water added, and sulphur dioxide passed in. Acid was 
added to remove some precipitated sulphites, and a colourless material 
remained undissolved. This was dissolved in boiling alcohol and concen- 
trated, giving 63 mg. of slightly discoloured small clusters, m.p. 268° (dec.). 
Recrystallization from alcohol gave 41 mg. of tiny crystals, m.p. 290° (dec.). 
This showed depression to 253 256° on admixture with alkaline peroxide 
oxidation product, m.p. 290°. It is slightly soluble in chloroform, and 
showed no alkaloidal properties. Analyses gave — 


— 

Foumi. 

Th<*<m*ti(*al for 
C,,K3 hO,N,. 

0 

6607 

65*6 

H 

4-94.. 

4-94 

N 

9-83, 9-85 

9*86 

<OOH,)4 

13-2, 15-6 

21*8 

CH,(N) 

Nil 



Other Oxidizing Agents and Perloline.* —IjQnd dioxide in dilute hydro- 
chloric or sulphuric acid solutions destroyed perloline, but no perlolidine 
was formed. Periodate in acid or alkaline solution was without action, as 
also chlorine water or hypoiodite. Electrolytic oxidation in 10 per cent, 
sulphuric acid using a lead anode destroyed perloline without formation of 
perlolidine, and no products were isolated. 

Dehydrogenatioti of Perloline . — 763 mg. of perloline hydrochloride was 
mixed with 1 *46 g. of selenium powder and heated. At 280-300° there was 
little action, but at 330° there was a ready action, and the melt was kept 
at this temperature for two hours. The mixture was cooled and ground, 
and extracted with dilute acid. The extract was strongly blue-violet 
fluorescent. It was made alkaline and extracted with chloroform. About 
1 per cent, of perlolidine was ivsolated and identified by microchemical 
reactions. 100 mg. of perloline hydrochloride in 0*075 ml. of acetic acid 
and 0*6 ml. of water was mixed with 0*62 of silver acetate and heated two 
hours in a sealed tube at 180° (Tafel method). Perloline was recovered 
unaltered. 

Attempted Reduction of Perloline . — Hydrochloride solutions of perloline 
were treated with sulphite, hyposulphite, magnesium and ammonium 
chloride, sodium stannite, acid stannous chloride, and hydrogen sulphide 
without apparent action. Electrochemical reduction at 1 *5 amp. and 
30 volts (mercury cathode) was without action. 122 mg. of perloline hydro- 
chloride were dissolved in 4 ml. of concentrated hydrochloric acid and 
60 ml, of water and hydrogenated in the presence of Adams catalyst. There 
was no absorption of hydrogen, and the base recovered was perloline, giving 
a picrate, m.p. 239°. 62 mg. of perloline base in 50 ml. of ethanol were 
heated on the water-bath and excess sodium added. Again only perloline 
whs recovered. 

* For oxidations forming perlolidine, see Part II. 
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The action of boiling hydriodic acid on perloline, its salts, methyl 
perloline, alcohol and formaldehyde products, acetylperloline, the “ nitro 
body, &c., in the methoxy determination was to form demethylated 
materials of properties similar to those of demethylated perloline, and a 
trace of perlolidine. After distillation of the hydriodic acid as in the 
0 H 3 (N) determination, and heating the residue, large amounts of perlo- 
lidine were formed, identified in each case by microchemical reactions. 
The jieroxide oxidation product and the hydroxylamine material gave no- 
perlolidine or typical demethylated material. 

Alkaline Degradation of Perloline . — 170 mg. of perloline hydrochloride 
was fused for a few minutes with a mixture of sodium and potassium 
hydroxides. There was at first a strong skatole-like odour which later 
changed to one rather like indole. The residue was dissolved in water 
and steam distilled. The residue from the distillation on extraction with 
other gave only a trace of alkaloid. The distillate gave with p-dimethyl- 
aminobenzaldehyde (or vanillin) and hydrochloric acid a pink colour on 
warming. No other indole reactions were obtained. Perlolidine on alkali 
distillation gave a similar odour. 

969 mg. of perloline base and 5*6 g. of soda lime were ground finely and 
heated in a bath at 250-330° for two hours. Oily drops and vapour came 
olf and were caught first in an ice-cooled trap, then in a wash-botth*. con- 
taining dilute acid. A strong odour escaped from these traps, similar to 
that given off in alkali degradation of grass. A pine shaving moistened 
with hydrochloric acid went blue-violet in this va})our, and later went 
reddish. The aqueous fraction contained oily drops and had an odour 
of quinoline, as well as indole-like odours, and gave strong alkaloidal 
reactions. Both fractions were united, when the oily drops dissolved in 
the acid, leaving only a trace of turbidity. The acid solution was extracted 
by ether, giving about 3*5 mg. of dark varnish-like material of strong indole- 
like odour insoluble in acids and water. It gave strong indole reactions, 
with p-dimethylaminobenzaldehyde in the cold, a pink colour going 
crimson on heating. Nitrite and acid gave a faint yellow colour, and 
vanillin and acid a pink colour. A ])ine shaving moistened with concen- 
trated hydrochloric acid went reddish-violet. The aqueous solution on 
drying in a vacuum gave 53 mg. of very deliquescent hydrochloride, 
giving no indole reactions. It gave strong alkaloidal reactions and, 
mostly, characteristically crystalline preciyntates. Aqueous j)icric acid 
gave 19 mg. of yellow needles, m.p. 183°. These were recrystallized from 
alcohol-water to 12 mg. of needles, m.p. 197-198° (dec.). The base from 
the picrate had a quinoline-like odour, but showed depression with the 
picrates of quinoline, 2 and 6 methyl quinolines and isoquinoline. Many 
substituted quinoline picrates melt about 20(I-23()°. The mother liquor 
from the picrate was made alkaline and extracted with chloroform. The 
delicjuescent hydrochloride ’obtained showed strong alkaloid reactions, 
distinct from those of the total fraction. Potassium bismuth iodide gave 
large plates, and this and several reactions suggested that this material 
was amine or piperidine-like. 
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CASEIN MUCILAGE 

By W. R. Mummery, Dairy Research Institute (N.Z.), Department of 
Scientific and Industrial Research, Palmerston North 

[Received for publication, ISth December, 1044] 

Summary 

An impending shortage of imported adhesives in 1939 necessitated the 
revision and reorgan i/.ation of the New Zealand manufacture of casein 
mucilage in order to suit trade requirements in regard to price, availability, 
and certain specific properties. Bentonite? and blotting-paper pulp were the 
ingredients found to fulfil satisfactorily the particular inadequate conditions. 

Sodium pentachlorphenate has lw)en recommended as a preservative for 
casein mucilage and is now in industrial use for this purpose. A routine test 
for ascertaining the setting or drying time of an atlhesive is described. 

Caskin adhesives may be divided into two main groups : — 

(1) Casein4itne Glue or Cement prepared with calcium hydroxide as an 
essential ingredient. This adhesive may be prepared and stored in powder 
form or it may be manufactured with sodium silicate as an ingredient, in 
which case it must be utilized within a short period. 

Casein-lime glue has a high tensile strength, together with a life of about 
twelve hours after mixing with wat^er or aqueous solutions. There are 
several manufacturers of casein glue of this tyjie in New Zealand. The 
glues are used chiefly by the plywood and joinery trades. 

(2) Casein Liquid Glue or Casein Mucil^e . — This adhesive is supplied 
in liquid form ready for immediate application and is used for many 
industrial purposes. 

Casein mucilage is prepared in this country by dissolving lactic casein 
in aqueous solutions of borax, caustic soda, trisodium phosphate, or 
mixtures of these solvent agents. Other ingredients are added to suit 
specific purposes, and an efficient preservative is also incorporated. In 
the published recipes for casein mucilage tiodium carbonate is usually 
inobiided in the list of solvent agents, but iniipractice in New Zealand the 
.preee»ce of carbon .dioxide has been found be disadvantageous as it 
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increases the foaming or frothing tendency. Any kind of acid-precipitated 
casein may be employed for making mucilage, but self-sour or lactic acid 
casein is the only kind made in New Zealand. 

Prior to the present war a very large proportion of industrial adhesives- 
used in New Zealand in the form of mucilage were imported into the 
country, and the production of locally made casein adhesives of similar 
type was on a small scale. The manufacturers of New Zealand casein 
adhesives had to contend with the low price of the imported preparations, 
which were usually prepared from starch and dextrin. In addition, tho 
tensile strength of the casein adhesives was unnecessarily high for many 
trade purposes, and for some particular uses the adhesives were too slow 
in drying. With the outbreak of war the importation of adhesives was- 
restricted, resulting in an increased demand for casein adhesives. A search 
was therefore made for suitable low-priced materials, obtainable in New 
Zealand, that could be used both to lower the cost of production by reducing 
the proportion of casein and also to improve the drying quality of the product. 

After investigation two substances were found that could fulfil these- 
conditions — viz., bentonite and blotting-paper pulp. 

(1) Bentonite as an Ingredient, — Bentonite, a crystalline clay of volcanic 
origin with micaceous structure and colloidal properties (15 parts) mixed 
with casein (86 parts) produces an adhesive that is of equal tensile strength 
with casein adhesive made wholly from casein and more resistant to water. 

When the proportion of bentonite to casein in the adhesive is increased 
to 25 : 75 the adhesive is still of high quality and tensile strength, whilst 
for certain purposes in which only moderate adhesive property is necessary 
the bentonite-casein proportion may be increased to 33 : 67. 

The bentonite is incorporated without difficulty if the following 
precautions are observed: (1) the size of the casein particles must not be 
coarser than 60 mesh ; (2) the size of the bentonite particles must not be 
larger than 100 mesh ; (3) the casein and the bentonite must be mixed 
thoroughly in the dry state as a preliminary procedure. 

Casein-bentonite adhesive prepared as mucilage is being used in the 
paper, cardboard, and printing trades, also for bill-posting and warehouse 
despatch rooms. 

" (2) Blotting-paper Pulp as an Ingredient , — Bentonite has only a small 

effect on the drying property of casein adhesives. It has been found that 
by addition of a proportion of blotting-paper pulp a 33 per cent, reduction 
in drjdng-time is obtainable, and mucilage prepared with the addition of 
blotting-paper pulp is now in commercial use. Arrangements were made 
with the National Council for the Reclamation of Waste for an adequate 
supply of waste blotting-paper to meet manufacturing requirements. For 
preparation of the pulp the blotting-paper is torn into fragments which 
are boiled for twenty minutes in a 2J per cent, aqueous solution of 
commercial hydrochlorid acid. Tke liquid is then poured off from the 
residue of wet paper, which is stirred or mashed to form a pulp. The paper 
forms a pulp easily, and this pulp may be added to a hot casein solution 
and incorporated without difficulty. This treatment removes the ink-stains 
.sufficiently, together with dust and dirt particles. 

Treatment of blotting-paper to ^oduce 1 cwt. of pulp requires 22 lb. 
of paper in 26 gallons of water containing lb. of commercial hydrochloric 
aci^ "The pulp contains approximately 86 per cent, of total moisture or 
60 pet ceid/. of excess moisture., The pulp may be used as a constituent of 
sevend. types of-Uquid casein adhesive to suit differ^t trade requirements. 
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In one formula 60 parts of pulp are added for 100 parts of dry casein ; thii^ 
is equivalent approximately to 9 lb. of pulp or 1*8 lb. of paper per 
hundredweight of casein adhesive in the form of mucilage. 

Increase in viscosity due to the incorporation of blotting-paper pulp 
may be counteracted by the addition of sodium acetate. 

Preservatization 

Prior to 1939, j8-napthol had been used almost exclusively as a 
preservative for casein mucilage and- there was no cause for dissatisfaction 
with its germicidal properties, but it possessed the disadvantage of causing 
the adhesive, on exposure to air, to turn pink and, finally, a deep reddish- 
brown colour. This discoloration was considered a serious fault by some 
industrial users, who were accustomed to white or pale-coloured starch- 
dextrin adhesives. 

After extended trials with five possible preservatives sodium penta- 
chlorphenate was selected as giving complete satisfaction in every respect. 
Thymol, which has figured so prominently in the literature on adhesives, 
was found to be unsuitable. 

Colour op Casein Mucilage 

As mentioned above, the colour of the casein mucilage is of importance 
to some users. The colour is affected by the vessel in which the mucilage 
is made. Enamelled iron and stainless steel vessels are entirely suitable. 
Reports of the use of aluminium are contradictory. The strong alkalis 
used for solution of the casein would have a solvent effect on the aluminium. 
Galvanized iron is unsatisfactory as the zinc is dissolved by the alkalis, 
the interior of the vessel becomes rusty, and the mucilage is discoloured 
by iron salts. 

Even when prepared in resistant vessels the mucilage has a light-yellow 
colour. When the colour is of primary importance, the mucilage may be 
bleached by the addition of sodium perborate in the proportion of 1 per 
cent, of the casein in the batch. The perborate should be added simul- 
taneously with the preservative when the mucilage has been cooled to 
60® C. (140° E.), The pH of the product will be raised by this operation 
and may be restored to the former value by the addition of acetic acid. 

Staining or Dyeing 

One of the principal uses of casein mucilage is as a base for dye colours. 
In 1933 Le8chanowsky(l) showed that vegetable glues play a very secondary 
role as binding materials for staining colours and that the preparation of 
staining colours is simpler with casein than with leather (animal) glue. 
Casein mucilages are thus being increasingly employed in the preparation 
of water paints used in the colouring of show cards. For this purpose 
most consumers prefer a fairly neutral adhesive of pH 6*8 to 7*0, and as the 
quality of New Zealand casein is consistent in its properties, including that 
of solubility, there is no difficulty in providing mucilage of the required 
standards 

Test for Adhesion 

Search of the published literature on adhesives reveals the lack of a 
satisfactory test for ascertaining the setting or drying time and also a rapid 
test for determining adhesive strength. Singer(2) states that the paste 
must be tacky when manipulated between the fingers ’’ ; Be(:jher(8) determines 
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adhesive strength by ‘‘ a comparative method based on the force required 
to withdraw a glass rod from the paste.’’ It is essential for the chemist 
and the works foreman to be able to assess quickly and with some degree 
of accuracy the properties mentioned above. 

The following test has been of considerable assistance to the author 
and several other operators interested in the evaluation of adhesives. If 
carried out carefully and systematically it is useful in obtaining information 
regarding an unknown sample in comparison with a control of known values. 
The test may be used for comparing adhesive strengths if the setting-time 
is the same, otherwise the test is used for ascertaining the comparative 
setting or drying time : — 

Prepani^ion of Test Pieces . — A piece of cardboard known as “8 oz. 
board,” measuring 5 in. by 2 in., is divided by pencilled lines into six sections 
measuring g in. by 2 in. and the point of a sharp penknife is then passed over 
the dividing lines so as to partially sever the board. The card may now be 
folded at the sections in the shape of a concertina ; section 2 rests on section 
‘3, section 5 rests on section 4', whilst sections 1 and 6 are left as flaj)s situated 
in a horizontal position. A stock of these test pieces is prepared and kei)t 
ready for use. “ Eight ounce board ” is the type which has been used mostly, 
but test pieces of leather and tough varieties of paper have also been found 
useful. 

Description of Test,— Two adhesives are taken for the test, the (*ontrol 
and the unknown ; the control sample is spread carefully on No. 2 s(»ctiou 
and the unknown sample on No. 5 section. The test card is folded so that 
section 2 adheres to section 3 and section 5 to section 4. It is then j)laced 
between two sheets of plywood or thick cardboard and pressed under a 
1 4 lb. weight *, the pressing-time depends on the setting-time of the adhesives. 

The aim of the test is to secure adhesion on one side of th(* test -card 
and non-adhesion or partial adhesion on the other side. A state of f)artial 
adhesion is obtained when the joint pulls apart so as to tear off a })ortiou 
of the surface of the cardboard. 

At the termination of the pressing-time the test card is held so that 
the two flaps may be grasped firmly with the thumb and two fingers of each 
hand respectively and is subjected to a steady, even pull. If the time has 
been gauged correctly, one joint will hold whilst the other will pull apart 
either cleanly or partially. If both joints remain in adhesion or pull apart, 
the test must be repeated with an alteration in the pressing-time, or the 
control sample must be replaced with one of different adhesive strength or 
setting property. The test card could be adapted to quantitative measure- 
ment by attaching clips to the flaps of the test card to which are fastened 
the ends of two wires. One wire would be attached to a fixed- point and 
the other would pass over a pulley in the same horizontal plane to a 
scale-pan. Weights would be added to the scale-pan until one of the parts 
gave way, 
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BIOLOGY OF ANOBIUM PUNCTATUM 

PBOGRESS REPORT 

By J. M. Kelsey, Assistant Entomologist, Entomology Division, D. Spiller, 
Entomologist, and R. Winsome Denne, Assistant Mycologist, Plant 
Diseases Division, Department of Scientific and Industrial Research 

[Receiml for 2)iiblication, 6th June, J946] 

Summary 

This report, after a brief review of liU^ratiire relating to Anobitnn punctatum 
de Geer in New Zealand, describes the techniques used in rearing the borers 
with the object of utilizing them as test insects to ev^aluate timber therajieutants. 
Aspeets of biology not previously dealt with are described. 

Introditctton 

This laboratory is investigating the possibility of using Anobium punctatum 
dc Geer as a tost insect for evaluation of timber therapeutants. The 
problem has resolved itself into two phases, firstly investigation and 
standardization of technique for therapeutant testing, and secondly mass 
breeding of supfilies of adult beetles and larvae for these tests. At present 
adults are obtained by hand collection from buildings and discarded timber, 
but this is unsatisfactory as it is time-consuming and the su|)j)ly is both 
limited and uncertain, while larvae obtained by dissection from discarded 
timbers are variable in size and of uncertain age. During the course of 
the work, investigations on the biology have been necessary. Results of 
these, together with incidental information, are jiresented in this paper. 

No extensive account of the biology of A. punctatum in New Zealand 
has yet been }>ublished. In literature there are, however, many incidental 
references, a few of which contain relevant observations. Kirk (1905) drew 
attention to the large amounts of starch j)resent in kahikatea (Podocarjrufi 
daerpdioides A. Rich). He also examined other less-susceptible timbers and 
found that timber attacked by larva? of the furniture beetle contained either 
starch or glucose, usually the former. Speight (1918) reported on Anobium 
attack of Canterbury Museum timber specimens. While there is no indication 
as to whether the specimens were heart or sap wood, he stated that all the 
common hard- and soft-wood building timbers, with the exception of miro, 
were attacked. ' 

Cockayne (1919) stated that in general it was only to sap-wood of 
kahikatea and kauri that the most damage was done, though heart-wood of 
both was liable to attack ; in rimu only sap-wood was attacked. He stated 
that larvae may tunnel for one to three years, and that adults emerged in 
November and December, when a beetle laid from eighty to one hundred 
and fifty eggs each day in crevices, old exit holes, or in short holes bored 
into the wood. 

Thomson (1922) reported Kirk’s findings on the starch and glucose 
aspects of Anobium attack, and quoted Riddell as stating that very few 
timbers were exempt from attack, which he considered was a question of 
age and dryness, and that certain substances in the wood must evaporate 
or change before the insect would attack it. 
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Miller (1925) stated that the sap and heart wood of both soft- and hard- 
wood timbers was attacked, but that, so far as known, insignis pine was not 
damaged by Anobium. Eggs were laid in crevices or exit holes, and larvae 
emerged after fourteen to twenty-eight days ; pupal period was two to 
three weeks, and the whole life-cycle occupied twelve months. 

Smith and Forbes (1944) stated that Anobium confined its attention to 
sap-wood, principally of soft-woods. The life-cycle varied from one to 
three years, and eggs were laid in cracks, crevices, joints, and exit holes — 
never on smooth surfaces. They stated that kiln-drying did not make 
wood immune from further attack. 

Denne, Spiller, and Kelsey (1944) found the emergence period in Auckland 
to be from mid-October to the last week of January, with the peak in 
December. 

Identification 

New Zealand specimens of the furniture beetle were submitted to the 
Division of Insect Identification, United States Department of Agriculture. 
They were identified by Mr. Fisher as Anobium punctatum de Geer, 
indistinguishable from American representatives of the s])ecies. 

Parasites 

In the course of this work adults of a wingless chalcid ectoparasite were 
found to be common during the Anobium flight period. Specimens were 
identified by Mr. A. B. Gahan, of the United States Department of 
Agriculture, as Theocolax formiciformis Westwood, recorded previously in 
New Zealand by Gourlay (1930). Large numbers of an ectoparasitic 
tarsonemid mite were sometimes found when infested timber was dissected 
for larvsB. Comparison with specimens identified by Mr. H. Womersley 
showed these mites to be Pyemotes ventricosus Newport. The importance 
of these two parasites in the bionomics of A, punctatum is at present unknown. 

Breeding Technique 

Sexing of Beetles, — Marked sexual dimorphism is shown by both the last 
ventral abdominal segment and the apical chitinized setose lobe or telson 
that covers the genitalia from above. These differences are tabulated 
below and illustrated in Fig. 1, a and b : — 


— 

Female. 

Male. 

Telson 

Apical margin sinuate . . 

Apical margin strongly convex. 

Last visible stemite 

No depression 

Bears marked depression. 


No difficulty was experienced in sexing large numbers of beetles using 
these features ; though the telson of the female appears to possess a definite 
ainuation in the distal margin, depth of the sinus is governed by the angle 
at which the telson is viewed, as it is a concavo-convex plate. Sometimes 
the margin may appear to be truncate. However, the strongly convex 
plate in the male readily separates it from that of the female. Individuals 
were placed in small glass phials and sexing carried out under a binocular 
microscope with a magnification of approximately 20x, As beetles were 
sexed they were also inspected for injuries, and any with damaged tarsi, 
legs, or antennss, other injuries, or with abnormal genitalia were discarded. 
The . activity, imeasured by the time taken in climbing the sides of the 
phials, gave an indication of the physical condition of the insects. 
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Initially it was assumed that females mated only once, but there is now 
-evidence that they may mate three dr more times during the course of 
-egg-laying. The fact is important, since in the mated })air technique — to 
be described later — there is no certainty that the females have not already 
laid some of their eggs. 

Methods of using Adults in Cages 

The objects of the work have been to obtain known numbers of eggs 
laid on wood blocks of limited size, and to study effects of various conditions 
such as preservatives, humidity, wood species, and seasoning on hatching 
of eggs and survival of larvae. Four techniques that have been used are 
described below. 

(a) Random Material . — Fifty adults were placed in each cage without 
reference to sex. The technique was not satisfactory, because extreme 
variation in the number of eggs laid per cage prevented uniformity of 





Fig. 1. 

Fig. lA : Female lateral and ventral views of terniliuilla. Fig IB : Male lateral and 
ventral views of tenninalia. 


infestation and resulted in some blocks being without eggs, while others 
were so heavily infested that accurate counting of eggs was impossible. 
These differences were traced to variations which occurred in the sex ratio 
of material from different sources (Table 1), and the technique w’as 
abandoned after the 1942-43 season. 

(6) Mated Pairs. --Dnnng the 1942-43 flight period material was kept 
in a large jar and pairs of beetles united in copula were isolated in small 
phials. The percentage of usable material obtained in this way was low 
(less than 5 per cent.), presumably because many mated and disengaged 
during the night or at times when observers were not present to remove 
the pairs. The method was subsequently modified to prevent mating, 
when observers were absent, by isolating individual beetles in tubes at the 
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conclusion of each day and emptying them again into a large container 
next day. About one-third of the female beetles was obtained as mated 
pairs, and the method has the advantage that the average number of eggs 
per female (Table II) was always higher than that obtained by any other 
technique. Variation was greater, however, making uniform infestation 
difficult to obtain, and this, together with the excessive amount of labour 
involved, suggests that, except for small experiments, the technique is 
unsatisfactory. 

(c) Male and FemaU , — In this method all residual beetles from the large 
containers were sexed twice a week and equal numbers of males and females 
were selected from these for use. The average number of eggs per female 
was lower by this technique than by the mated pairs method (Table II), 
but this is to be expected when it is considered that all virgin females in a 
day’s collection were subsequently removed as mated pairs. 

Only this method will be used in future work and all beetles will be 
sexed and used as they are brought to the‘ laboratory. 

(d) Mass Material , — In addition to beetles used as mated pairs and those 
used in the male and female technique there was a relatively large number 
of females which were discarded from the experiments because of injuries 
or abnormalities. This material was used to bulk infest timber from which 
in time the entire supply of beetles will be obtained. At times it may be 
expedient to use this material to obtain uniform egg infestations on wood 
blocks, and although this method has not been investigated in detail, results 
obtained in a few preliminary experiments are encouraging. 8ur})lus male 
and discarded female beetles were placed together with four or five wood 
blocks in a cage similar to type III. The latter was 4 in. in diameter and 
was stored in a vacuum-type desiccator over saturated sodium chloride 
solution. The hole in the desiccator lid was lightly plugged with cotton- 
wool, which allowed slow diffusion of air and moisture, but at the same 
time stabilized conditions. Each day blocks won* removed for egg counting 
and then returned or replaced by new blocks, depending upon whether 
sufficient eggs had been laid. At the same time dead beetles were removed 
and fresh beetles added. Fairly uniform infestations of eggs were obtained, 
and the method warrants further investigation. 

Cages 

Type I: Fig. 2a (adapted from Prell (1927) ). — A tin 3 Jin. diameter 
by IJin. in depth has fine wire gauze set into the lid. Over this is placed 
a celluloid cylinder 3Jin, high with fine muslin cemented into the top. 
Water is placed in the tin and blocks of wood and beetles enclosed between 
gauze and muslin. Its purpose is to produce a fairly high humidity around 
timber samples when kept under ordinary room conditions of temperature 
and humidity. Black paper was placed on top of these cages to reduce the 
light intensity. 

Type II : Fig. 2b. — ^Described by Becker (1938), the cage consists of 
halves of a 3J in. by 1 J in. petri dish separated by a wire gauze partition ; 
a small annulus is formed round the cage which permits limited diffusion of 
air and moisture. As there was a tendency for dishes to shift during 
handling, the gauze disk was so fixed to the top dish by means of a 
horizontal band of i in. adhesive tap^ that the annulus was not blocked. 
The .halves of the dish were held together by passing another band of tape 
over the whdle assembly. Wood block and beetles are enclosed in the 
upper portion of the cage. 
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Type III : Fig. 2c. —This consists of a cylinder of wire gauze 2 J in. in 
diameter and 2 in. high. Ends are closed by halves of small petri dishes 
kept in place by rubber bands passing over top and bottom of the cage. 

Temperature and Humidity Control 

A room with controlled temperature and humidity was run continuously 
at 22*5‘' C. and 75 per cent, relative humidity. Maximum variation in 
temperature did not exceed ± 0-5° C. in any one month. Humidity control 
was not of the refrigerated type, and tended to deteriorate when humidity 
of the outside air rose during the summer months. Because of this, humidity 
of the type II cage was stabilized by placing in the lower compartment a 
saturated solution of sodium chloride known to give a relative humidity 
of 75*3 per cent, in the air above. In experiments at controlled humidities 



[Photo by M Dahlherg. 

Fig. 2. 

Fig. 2 a : Cage type I. Fig. 2 b ; Cage type II. Fig 2r Cage type III. 

type III cages were stored either in large desiccators or in sjiecial unit 
containers, and interior humidities controlled by caustic potash solutions of 
known concentration, using data given by Buxton (1934). 

Timbers used 

Small blocks, either an inch cube or 1 in. by 1 in. by J in., of clean, 
straiight>grained, sap-wood k^ihikatea were used in all work other than that 
on the susceptibility of different timbers. For the latter were used sap-wood 
blocks approximately 3 in. by 1 in. by 1 in. of kiln -dried and air-dried 
timber of different species. Blocks were conditioned to the respective 
humidities of the experiment for some weeks before they were infested, and 
thus their surfaces at least would be in equilibrium with the atmosphere. 
Blocks foif.jtype I cages were not conditioned, but immersed in water for 
half ^an: hour before use. 
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Variations in Sex Ratio of Adults 

Introduction of the sexing technique showed immediately that there 
was considerable variation in the sex ratio from day to day and more 
particularly from one type of collecting-ground to another. Results are 
shown in Table I : — 


Table I. — Sex Ratio of Anobium Adults 


Source.* 

Collections. 

Beetles. 

Percentage of 
Females. 

Bin . . 


29 

741 

47-7 

Cages 


B 

78 

43-5 

Insectary 


14 

342 

34*5 

Factory 


33 

3,835 

25*8 

Houses 


12 

429 

40-3 

House 


5 

350 

15-7 

Miscellaneous . . 


23 

414 

38-9 

Totals 

•• 

124 

ft. 189 

30-4 


* For location and rdher detallH of source, see paper of Deiine et al., 1»44, -SV». d* Tech , 26 (Sec. A.) 
152-154. 


The investigations indicate that the male : female ratio is approximately 
ef^ual, as those collecting-grounds in which it was possible to make observa- 
tions at regular intervals throughout the day yielded a ratio in the vicinity 
of 1 : 1 . In other instances when collections were made at irregular intervals 
the percentage of females captured was low. The explanation of this lies 
in the behaviour of the beetles, which mate normally soon after their 
emergence from wood, and while still in copula retreat into exit holes and 
crevices in the timber. After an hour or so, males disengage from females 
and return to the wood surface, while the latter remain in the tunnels, &c., 
to lay some of their eggs. The females later reappear to go through the 
same procedure, and the time occupied in ovipositing is greater than that 
spent on the surface. As males spend most of their time on the surface of 
timber, it is apparent that at any one time the percentage of males will be 
high. 

This explanation is borne out by the following observations. In a bin 
where infested timber was closely stacked, the few beetles emerging were 
unable to. move freely, so that opportunities of finding members of the 
opposite sex werg small, and under these circumstances collections showed 
that the male : female ratio was approximately equal. In situations such 
as walls of buildings, however, where there was no restriction on movement 
and where the Ancinum population was high, the proportion of females 
collected was low, as many had mated and disappeared into exit holes and 
crevices to oviposit. 

On five occasions “ swarms of beetles have been observed on the 
surface of pieces of timber, and in one case where the “ swarm ” was 
collected and sexed there were 167 males and 3 females. It was also 
noticeable that after a piece of timber had shown the phenomenon of 
“swarming” very few beetles were taken from it in any subsequent 
collection. 

SOGS 

(a)^ Mffg-layin §. — ^To ascertain the most suitable type of surface for 
oviposition, sap-wood blocks were subjected to puncturing, scoring, cutting, 
cracking, and rasping. In most cases a dressed piece of the same wood 
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was placed in the cage as check. From an egg-laying point of view results 
indicate that the physical nature of the wood surface is as important as the 
timber sjiecies. Totara (Podocarpus totara A. Don) is normally a non- 
susceptible timber, but on one occasion more eggs were laid on roughened 
totara than on finely sandpapered kahikatea kept in the same cage, A wide 
range of incision angles was found to be approximately equal in suitability 
for oviposition sites. Apparently the chief factor governing choice of a 
site is the opportunity of firmly wedging an egg into a small hole or crevice. 
Eggs were not normally deposited on surfaces of dressed timbers, but where 
one piece was adjacent to another, eggs were often inserted between the two. 
Normally most eggs were laid on the end grain of experimental blocks, not 
so much to preference for this position, but that sides of the timber were 
usually dressed and so afforded very few sites for egg-laying. On roughened 
blocks it was possible to obtain a much greater number of eggs on sides 
than on end grain surfaces. 

In type I cage it was found that large numbers of eg^s — ranging from 
27 per cent, to 60 per cent. — were laid on the muslin tops and that the 
])ercentage of eggs laid here gave a rough indication of the susceptibility of 
the wood in the cage. Most eggs were pushed half-way through the muslin ; 
some were forced right through the mesh. Other sites where eggs were laid 
included corks of tubes in which beetles were enclosed, glass surfaces, and 
black paper used to cover type I cage. Eggs were always attached to the 
surface by an adhesive, even when wedged into holes and crevices. 

The number of eggs laid per female was not significantly different on 
any of the following timbers : Pinus radiata D. Don air-dried and kiln-dried, 
rimu (Dcicrydium cujrressinum Soland.) air-dried and kiln-dried, totara kiln- 
dried, tawa (Beilschnfiedia iawa Benth. and Hook, f) kiln-dried, and matai 
(Podiwarpm spicatus R. Br.) kiln-dried. 

(b) Number of Eggs laid . — Table II shows the great variation in numbers 
of eggs laid per female : — 


Table H. — Anobk-m Eckj-layino 


Technique. 

1 

1 CaKe. 

1 

1 

Total 

Females, 

Average 
KggB pel 
Female. 

Range 

per 

Cage. 

Male and female 

Type Til 

22*5° C. and approximately 
76 per cent, K.H. 

24 

14-7 

4-7-20-0 

$9 

Type HI 

22*5° C. and approximately 
76 per cent. K.H. 

0(i 

16-5 

3-2-220 

9f 

Type I . . 

Room . . 

370 

14-7 

0*5-21-5 

Mated pairs . . 

/ Type III 

22 ' 5 "^ C. and approximately 
76 per cent. R.H. 

24 

44*8 

21-3-72-7 

” 

Type II. . 

22-6'’ C, and approximately 
76 per cent. R.H, 

80 

2«*8 

7-8-54-8 

>♦ . • 

Glaag jars 

Room . . 

48 

21-4 

• • 


(c) Hatching.— Under the same conditions, the incubation period varies 
frbm six to ten days on wood blocks. There were numerous cases where 
larvae did not emerge from eggs laid on muslin for as long as five weeks. 
These were usually fully developed, and after cutting a small hole in the egg 
capsule, remained in the egg. Some eggs remained pellucid during the 
normal incubation period, and in these the embryos had not developed ; 
eggs with developing larv© changed to an opaque creamy colour. 



66 


The N.Z. Journal of Science anb Technology [July 


Apparently orientation of the eggs does not affect hatching. The larva 
emerges from the egg surface in contact with the timber and commences 
to tunnel into the wood with the capsule still in place. Where eggs were 
cemented to plane surfaces and not wedged in, larv'se were often unable to 
commence tunnelling, whereas eggs cemented into crevices })rovided an 
ideal base from which larvae could commence boring. 

In experiments carried out under laboratory temperatures and humidities 
(cage type 1 experiments), 92*2 per cent, of eggs laid either on muslin or 
on wood blocks hatched, while in experiments using cage tyj>e II at 75 per 
cent, relative humidity, 89*6 per cent, of eggs hatched. 

In a series of controlled experiments at different relative humidities and 
a temperature of 22*5° C. no eggs hatched below a relative humidity of 
45 per cent., and although larvae developed fully appeared to be unable 
to emerge from the egg capsule. In the range 50 per cent, to 65 j)er cent. 
R.H. hatching was always below 80 per cent, and 8ometinu‘s as low as 
54 per cent., while above 65 per cent, and up to 95 per cent. R.H. more 
than 80 per cent, of eggs invariably hatched. 



[Photo by M. J. J)uhlberf. 

Fia. .34.— 'Evit holes of A. punrtatum in leather suitcase. 

The maximum hatching of eggs for any large group of blocks was 
93 per cent., and all hatching figures both under optimum controlled and 
room conditions appear to lie between the extremes of 80 per cent, and 
93 per cent. Work is being continued and will be published at a lat^r 
date. 

Tunnelling of Larv^f: 

As tunnelling proceeds, frass pellets collect in the egg capsule, which 
may eventually be forced off due to tight packing of pellets. Larvae 
experienced some difficulty and often were unsuccessful in boring into 
kiln-dried matai and rimu. The timber species (apart from seasoning) 
does not exercise any apparent influence as far as initial tunnelling is 
concerned. Newly hatched larvae can live for long periods without food, 
as is shown by the fact that in two cages from which blocks had been 
removed larvae were found on cage sides nineteen days after the eggs on the 
muslin cage tops had hatched. The first moult occurred when larvae had 
tunnelled in for about their own length, and during the process they were 
usually found with their heads direct^ outwl^rds. 

In experiments under laboratory conditions (cage type 1) 99*8 per cent, 
of the larvae from hatched eggs tunnelled into the wood. Where timber was 
infested eighteen months previous to dissection, boring was found to be 
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most extensive in kahikatea. Tunnels in both riinu and niatai were much 
smaller than in kahikatea, those of matai being slightly larger than those of 
rimu. In totara several tunnels had been started and extended to i in., 
but no live larvae were found. 


Life-cycle 

The length of the life-cycle is variously re})orted in literature ; most 
authors regarding it as being one year. This is apparently based on 
observations of an annual flight period, but overlooks the fact that there may 
be a series of overla})ping generations. Reikhardt, Karakulin, and Isachenko 
(1930) stated that the life-cycle is as short as six mouths in hot climates, 
but Fisher (1932) reported from actual breeding experiments that it was 
three years on Cotoneaster wood in England. Experiments on kahikatea 
suggest that the life-cycle is three years, and further studies on sap-wood 
timbers are in progress to confirm this. 



[Pfwfo by M. ./ Dahlhenj. 


Fun 3 B.— -Workings of .4. punriatum in cardboard lilling of leather suitcase. 


Air-dry sap-wood of matai, rimu, kahikatea, and totara were infested 
with eggs and stored under room conditions. Sixteen months later blocks 
were sectioned on a wood microtome, when it was found that larvae taken 
from kahikatea were very much larger than those from any other timber. 
Larvae varied to a slight^ extent in each block, but there was considerably 
more variation in size of larvae taken from different blocks of kahikatea. 
Larvae from rimu and matai were small compared with those from kahikatea, 
being no larger than six-months-old larvae taken from kahikatea ; larvae 
from matai were consistently larger than those from riinu. These larval 
differences, together with observations on tunnel size, indicate that timlier 
species affect rate of development and possibly length of the life-cycle. 
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Although ^-4. ]mnctatu7n normally breeds in timber, it attacks other 
materials. In the first instance a wood-fibre wallboard was infested with 
Anobium eggs in the laboratory, and after fourteen months live larvse were 
dissected out. The fraas was normal, but it is not yet known whether the 
life-cycle can be completed in this wallboard. In the second instance it 
was found breeding in the cardboard filling of a leather suitcase. Exit 
holes in the leather of the suitcase are shown in Fig. 3a and .the extensive 
workings in the cardboard are shown in Fig. 3b. Adults were bred out 
and when compared with known A. puncMtum de Goer were found to be 
typical. Wood-fibre wallboard and cardboard filler are highly modified 
wood products, suggesting a wider adaptability in nutrition of A. punciatum 
than usually supposed. 
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A TERMITE DAMAGING COCONUT-PALMS ON 
SUWARRO ISLAND : CALOTERMES (NEO- 
TERMES) RAINBOWI HILL 
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ment of Scientific and Industrial Research 
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Summary 

1. The termite described does considerable damage to coconut -palms. 

2. Recommendations are made that steps be taken to control the damage 
to plantations. 

3. These descriptions include several new characters for this species. 

During 1941 there were several reports that coconut-palms had been so 
badly damaged by termites that large numbers of the trees were being 
sna])ped off by the gales that sometimes sweep thu islands in this area. 
8uwarro (or Suwarrow or Suvarov, as it is also called) is a small island in 
the Danger Group, Pacific Ocean, and, together with the island Puka Puka, 
is densely covered with coconut palms on which the Native population of 
this group of islands largely depends for food. The Natives are becoming 
rather concerned at the numbers of palms falling due to termite injury. 
The last report was that the trees on Puka Puka Island had been almost 
comj)letely destroyed. This is probably due in large degree to the gahis 
themselves apart from possible termite damage, but, nevertheless, the 
photographs accom£)anying one of the reports by an officer in the Public 
Service indicate that the question of controlling the termites should be 
investigated in the near future. 

This termite has not been recorded previously from the Danger Group 
of islands, and as there are several points in which these termites differ 
from Mr. G. F. Hill’s descriptions of C. rainhowi and C. sawoanus the writer 
is including a full description of them ; in spite of these differences, however, 
it is probably one of these two species. Some of these differences are as 
follows : Hill’s description of C, rainhowi indicates that the prothorax of 
the alate has a convex posterior border, whereas in those examined in New 
Zealand this border is always concave ; he also says the second and third 
antennal joints of the soldier are about the same length, whereas the writer’s 
specimens all had the third antennal joint about half as long again as the 
second. C. samoanus has the postclypeus of the soldier without conspicuous 
hairs, whereas the species described here has two long and two shorter 
hairs ; Hill’s soldier pronotum is not as wide as the head, whereas the 
Suwarro one has a pronotum as wide or wider than the head. It is not 
proposed to consider the Suwarro termite as a new species, but to redescribe 
it as C. (N.) rainhowi, since Mr. T. G. Greaves, of the Council for Scientific 
and Industrial Research, Australia, considers that there is little doubt that 
it is thisi species. 

The material examined consists of a series of immature forms of all 
castes lent by the Cawthron Institute, Nelson, to whom it was sent in 1941 
by C. E. Clarke from coconut-palms, and a series in the possession of the 
Auckland Museum bearing the label “ Suwarrow Is., 1941, B. C. Robertson. 
69/42.” The Museum material contained several mature alates and soldiers^ 
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together with numerous nymphs, and for this reason the colour descriptions 
apply to this series and not to the immature Cawthron material ; however, 
the latter possess all the other described characteristics. 

The wing venation of this termite is exceedingly variable (two sets of 
wings are shown in Fig. 1), even on the two sides of the same individual. 
Some have a vein arrangement closer to subgenus Cdlotennes and several 
soldiers possess a lengthened third antennal joint that further com})licates 
matters. However, the majority are typical Neot^nnes 8j)ecie8. 


Rs R Sc C CScR R* 



Fig, 1. 


Desorii»tions 
Alatp (Fig. 2a) 

Size, — Large, but variable; average length without wings is about II mm. by 
a mm. wide. Fore wings with wing-stumps are about 16 x 4 mm. and the hind wings 
about 14-6 X 4 mm. ; they are very slightly wider than the fore wings. The wing- 
stumps of the fore and hind wings are about 2x1-5 mm. and 0-8 x 0-7 mm. respectively. 
The pronotum is about twice as wide as long. 

Colour , — In general is brown to dark brown : head dark brown in front, shading 
gradually to brown posteriorly ; labnim golden yellow. The pronotum has a wide 
dark-brown band round the margins, while it shades to brown in the centre. The meso- 
and meta-thoraxes and the abdomen are brown, with darker-brown longitudinal stripes 
in the median line of each of the former and on the posterior margins of each abdominal 
tergite. Legs are golden yellow-. 

Heod,— I jongor than wide, counting labrum. i.iabrum tongue-shaped, with a cluster 
of long and short spines distally and numerous very short spines over the rc^st of the 
surface. Clypeus white, with concave anterior border. Postolypeus bears four long, 
slender spines projecting forwards. Ocelli large and conspicuous and close to centre 
and dorsal to eyes ; each has a long spine in front of it and projecting backwards across 
ocellus. Eyes large and well develbped. Epicranial sutures conspicuous. Sparsely 
an^anged, long seta? clothe the head. Antennas of 18-21 joints. The first three segments 
Are brown and the rest golden yellow ; the second and third joints are approximately 
Ahd together as long as the first, which is widest ; the fourth is the smallest, and 
remainder become progressively longer ; all except the first two liear one ring of 
very long, and (^e or two rings of short, spines ; the two first segments possess only 
short spinet. 
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MaxiUae (Fig. 2b). — The submentum is an irregular oval, wider posteriorly and 
bearing about eight long spines. The somewhat triangular ca^o articulates with the 
submentum neariy half-way down the side; the cardo has a peculiar Y«shaped 
chitinous thickening, the ends of the arms of the Y forming the articular facets for 
attachment of the stipes^ The stipes is an irregular rectangle bearing distally the fleshy 
galea and heavily chitinized lacinia. The latter terminates in two stout fixed thomlike 
claws, and on its inner border is flattened and beset by a single row of stout marginal 
spines ; the base is broad and occupies most of the distal end of the stipes. The 
maxillary palp is of the usual five joints — ^two short proximal and three more or less equal 
distal joints — and bears numerous long and short spines. The stipes has only two long 
spines. The second maxillsB consist of the submentum, a short fleshy mentum with 
median, longitudinal groove, and distal median cleft, and the usual glabrous, fleshy, 
glossa, and paraglossa each side of the cleft. The labial palp is of three short Joints 
bearing short spines. The mentum bears a few short spines. 

Mandibles (Fig. 2c). — Of the usual Calotennes type. The right mandible has a 
stout, conical apical tooth and a slightly shorter but similar one just posterior to it : 
then there are two wide, flat grinding surfaces separated about midline by a slight groove*. 
The left mandible has the usual stout apical tooth and two short chisel -shaped teeth 
with opposite angles so that they form ah M shape ; posterior to these is a broad convex 
grinding-surface. Both mandibles articulate with the head by ball and socket joints, 
there l^ing one of each on each mandible. 

Pronotum . — This is almost twice as wide as long, much wider than the head, and 
reniform in shape, though there is a slight posterior sulc\is ; the anterior border is wide 
and concave. It bears numerous long and short spines. 

Wings (Fig. 2i)). — ^The anterior wing-stumps are long and wide and extend well 
beyond the posterior margin of the mesothora'x and almost cover the hind wing-stumps, 
which extend only half-way along the metathorax, and are almost as wide as long. The 
front edge of the anterior stumps is strongly convex (see Fig. 2i>) and bears a few long 
and short spines, about the distal half, it also bears a single long spine on the centre 
of each vein just anterior to the suture, and a few long spines on the rest of the stump. 
The fore wings (Figs. 1 and 2n) show variable arrangement of the veins ; sometimes 
the median runs through the centre of the wing about midway between the rarlial 
sector and the cubitus (Fig. 1a), which in this case reaches only just beyond half-way 
along the posterior edge. If the median sends off posterior branches as sometimes 
occurs (Fig. Ic), the cubitus is again shortened, but normally it extends to the distal 
end of the wing (Figs. 1 b and d). Sometimes the subcostal (?) does not come off the 
radial till beyond the suture (Pig. lo). In t 3 rpical members there is a costal, subcostal, 
radius, radial sector, and me^an, close together and heavily chitinized, and a cubitus 
extending to near the wing-tip ; the radial sector usually sends .3-6 major diagonals 
up to the costal margin, and the median has 0-3 major branches to the distal wing 
margin. The cubitus has a large number of major and minor branches to the posterior 
wing margin. In abnormal forms the median may have as many as five major branches 
(Fig. 1a). The hind wing does not vary to the same extent as the fore wing and 
typically possesses a costal, radius, radial sector, median, and cubitus. The radius is 
normally unbranched and joins the costal about half-way along the wing ; the radial 
sector sends from 5-9 branches up to the costal beyond the radius ; the median comes 
off the radial sector about a quarter the length of the wing from the suture ; it is 
connected to the vein above by numerous short branches, and also sends off numerous 
posterior irregular branches ; all these veins are arranged close together and possess 
a few widely scattered, short spines ; the cubitus passes through the centre of the wing 
and reaches almost to the wing-tip, sending off numerous major and minor branches 
to the posterior wing margin. There are no spines on the costal edge till about half- 
length, and from then on there are numerous spines rather more widely spaced than 
on the fore wing. The posterior wing margins of both wings are free from spines ; 
micrasters are plentiful on the wing membrane and are in the form of small scattered 
papillfe (Fig. 2b). 

Legs (Fig. 2f). — Of normal type with no great enlargement of the femur. The 
femiu*, tibia, and tarsal joints all bear numerous long* in addition to shorter, spines, 
and the tibia; all possess three very long, stout spurs. The empodium is particularly 
well developed. 

Ahdomm , — All segments, bear very long spines. There are ten visible tergites, 
and. in the male there are eight complete stemites and one djvide4 longitudinally in 
mid-line into two small lateral plates ; the female shows six complete stemites and two 
divided lon^tudinally into lateral plates. Oerci (Fig* 2q) are of two segments and 
densely spinose, ^ spines being set on otmspicuous relied papilbs. The styles (Fig. 2h) 
are short and terminate in one very long and two or three short spines. 
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Soldier (Fig. 3a) 

Size , — About 12 x 2J mm. The head plus mandibles is about 5 x 2J mm. The 
mandibles are about 2x1 mm. 

Colour, — In general is golden yellow on thorax, abdomen, and legs. The head is 
dark brown in front, shading gradually to light brown on the back of the head. 
Mandibles are black, with very dark-brown bases. The first three antennal segments 
are brown and the rest light brown. The prothorax has a narrow brown margin. 
Labrum golden yellow ; clypeus white with a small, yellowish -brown patch each side 
of mid-line. Eyes and sutural spots white. 

Head, — Slightly dorsoventrally compressed ; sides almost parallel, but tapering 
veiy gradually. The frons is flat and has a long, gradual slope to the mandible bases. 
Epicranial sutures conspicuous and with a white sutural spot just above and inside 
the eyes. Eyes conspicuous, hut white. Labrum tongue-shaped and with two very long 
and numerous shorter spines. Tlypeus white, with yellowish-brown markings and a 
slightly concave anterior border. Postclypeus pronounced and hearing two very long 
and two shorter spines projecting forw'ards. Tlie general head surface bears numerous 
long spines. The antennte have 14-17 joints and are about 2i-3 mm. long. The first 
antennal joint is long and stout and bears a few very short spines ; the second segment 
is less than half as long as the first and bears short spines ; the third joint is half as 
long again as the second, and it and succeeding segments each bear a ring of very long 
and one or two rings of short setie. The antenna^ have a conspicuous raised rim round 
their insertions. 

MandihleJt (Fig. 3n). — Short and rather narrow for the size of the termite. The 
bases, however, are greatly enlarged. Right mandible has a broad topped tooth just 
anterior to half mandible length and another similar one just posterior to half length. 
From here the mandible has a shallow concave curve back to the widest part of the base ; 
there is a very slight groove in the centre of this curve. Left mandible has two short, 
blunt teeth about the anterior quarter, a short, flat-topped tooth with a groove at each 
end about half mandible length and then a very wide, triangular, basal area with the 
apex about half-way dow'n the molar edge of this area. The mandibles articulate with 
the head by a ventral ball and dorsal socket arrangement. 

MaxiUae (Fig. Sc ). — The submentum may be divided into a posterior, slender area 
with strongly concave sides, and an anterior broad oval area with a slight groove in 
each side where the eardo articulates. The lateral borders are very heavily chitinized, 
and there are about six stout spines at the widest part. The anterior end is made up 
of a whitish, semitransparent area overlying the base of the small mentum. The mentum 
is short and weakly chitinized ; it has the usual median, longitudinal groove and distal 
median cleft. The first maxillae are composed of small, rather arc-shaped cardo with 
Y -shaped thickenings where the points of articulation lie ; a somewhat rectangular 
stout, stipes with two long spines on the outer border ; a five- jointed palp, the distal 
three segments of which bear, in addition to the usual shorter spines, a few exceptionally 
long seta? ; the fleshy, outer galea and the heavily chitinized, flattened laoinia 
terminating in two stout, fixed thornlike spines of equal length. The second maxilla* 
are similar to those of the alate. 

Pronotum (Fig. 3a). — About I J mm. long and 2| ram. wide ; much wider than head 
and reniform in shape with very slight posterior sulcus. It has a lateral arch, and the 
Anterior rim is not raised. There is a wide, shallow anterior sulcus. It bears a few long 
spines on its surface and numerous long and short seta* round the borders. 

Lege (Fig. 3d). — The femorse are not greatly swollen, but form a long oval. All 
joints of the legs bear long and short spines with the exception of the coxa*. The tibial 
•spurs are unusually long and slender. Pernor®, tibia*, and tarsi become progressively 
longer from front to rear. 

Abdomen, — The segments bear conspicuously long seta* about the centre and a 
row of shorter spines towards the posterior margins. The cerci (Fig.^ 3e) are short and 
stout and have conspicuous raised papillae bearing the long seta*. The styles (Fig. 3k) 
Are rather long and bear a very long terminal spine and two or three shorter opines. 

Control of Termites in Living Trees 

The following notes have been taken from the available information on 
this subject. For some fifteen years Ceylon workers have given a great deal 
of attention to control of termites (eight species of Calotermes and two of 
Coptotermes) infesting living tea-bushes. By 1934 nearly two hundred 
thousand bushes had been treated successfully by paris green or white 
arsenic dusts, both of which gave \Q0 per cent, control without raising the 
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4irseiiic content of the leaves at all, as revealed by exhaustive studies by the 
Oovernment Analyst in Ceylon. Though coconut-palms are commonly 
attacked in Ceylon, there are no references to any special treatments, and 
they are apparently treated by the same technitpie as for tea-bushes. This 
consists of drilling J-in. diameter holes into infested limbs and blowing 
from oz. to ^ oz. of arsenic dusts in by means of a syringe. 

Cost of treatment using Native labour worked out at about cents 
per bush, and one Native could do 180 bushes a day. Native labour j)roved 
satisfactory if the men were given reasonable supervision, but they lost 
interest and were careless if given a definite job with fixed hours. It took 
an average of 3^ lb. of dust to treat 1,000 tea-bushes at the above rates. 

It is })articularly stressed that chief attention should be paid to 
preventive treatment such as covering all scars and injuries with coatings 
of asphaltum, })aints, resins, tars, &c., but no definite mixtures are given 
in the literature. 

Termites very seldom penetrate the living tissues of trees, and ther(»fore 
it is very necessary that any breaks in this tissue allowing access to dead 
heartwood should be sealed off. It is obvious that control of termites 
actually in the trees would be practically useless unless there was some 
means of preventing other termites from gaining entry later, and it is 
suggested that some sticky material such as that recently develof)ed by 
Dr. W. Cottier at the Plant Diseases Division, Department of Scientific 
and Industrial Research, would be (juite suitable for preventing termites 
from again attacking the trees. These materials consist of kauri-gum, 
resin, castor oil, and beeswax in varying proportions according to the 
consistency desired, but further ex}K*Timents would be necessary to 
determine whether or not they would stand up to the extremes of day and 
night teni]>erature8 under tropical conditions. 
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A METAL THERMOREGULATOR 

By R. H. Stokes, Auckland University College 
{Received for publication, /ifh June, 1943] 

In the construction of a thermoregulator of the toluene-niercury type for 
controlling a bath in the vicinity of room temperature with an accuracy 
of the order ±0*01° it is the usual practice to use a glass container, often 
in the shape of a cylindrical bulb. A helical coil of glass tubing is sometimes 
^used in order to expose a larger surface area and thereby increase sensitivity. 
Because of the low heat conductivity of glass there is a considerable lag in 
the response of such regulators to temperature fluctuations in the bath, 
which can be overcome by using a metal container for the toluene-mercury 
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regulator. Several desigm have been used for special work, but it is worth 
while drawing attention to their pot^tialities in routine work, since they 
compare favourably with glass regulators in ease of construction, accuracy, 
cost, and robustness, and there would seem to be every justification for their 
more widespread use. 

The {dictograph shows a thermoregulator, constructed in these 
laboratories, using a 12 ft. length of copper tubing of ^ in. external diameter 
and in. wall, wound in a helix of diameter 31 in. and height 12 in. The 
lower end is closed by soldering and the upper end attached to a bent glass 
tube in which is the mercury-toluene junction. This portion could be 
simplified considerably if the regulator were constructed of iron tubing,, 
but if, on account of its superior thermal conductivity, copper tubing is 
employed, then precautions must be taken against mercury being sucked 
back into the copper tube while the instrument is being filled or adjusted 
to another temperature. The function of the bent glass capillary tube 
with two bulbs is evident from the photograph. The side arm with stop- 
cock is only used if the thermostat has to run at a series of temperatures 
at each of which adjustment of the regulator has to be made ; it can be 
dispensed with in the case of a thermostat running continuously at one 



Pio. 1. — ^The thermoregulator. It has been necessary to show the instrument lying 
on its side. The top is on the left-hand side. 


temperature. In use the regulator is immersed so as to just cover the 
horizontal glass tubes ; thus only the very small volume of mercury in the 
capillaries above this level is exposed to the uncontrollable variations of 
room temperature. The electrical contact is effected near the top of the 
right-hand capillary tube, round which a wider tube, sliding on a cork, is 
fitted to absorb any overflow of mercury during adjustment. The fine 
adjustment is made in the usual way by moving the upper platinum wire 
on a screw. 

Several methods of making copper-glass seals are available, most of 
them involving plaftinum or palladium chloride. It has been found that a 
satisfactory join can be attained by first silvering the glass tube by deposition 
from ammoniacal-silver-nitrate - invert-sugar solution, copper plating the 
coating by electrodeposition from a copper sulphate solution and finally 
soldering to the copper tubing. 

Such regulators have given excellent service at 26°, controlling the 
temperature to ±O‘0O2° or less. They have been found equally satisfactory 
foB controlling baths at temperatures below that of the room, for which 
purpose the ragulator control a magnetically operated clamp on the exit 
p^ from a ?refStigerated tank into the thermostat. 
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PHYSICAL PROPERTIES OF THE FOUNDATION 
ROCK AT THE PROPOSED DAM SITE AT 
MARAETAI, ON THE WAIKATO RIVER 

By C. L. Maloy and A. D. Lowe, Dominion Physical Laboratory, Department 
of Scientific and Industrial Research 

[Received for publicution, 20th Jvly^ J945} 

Summary 

Tests were made on the natural rock at a section of the Maraetai gorge 
on the Waikato River at various depths in both banks for physical properties 
such as (1) specific gravity, (2) water absorption, (3) water permeability, 

(4) compressive strength, (5) shear strength. (6) modulus of rupture, (7) Young’s 
modulus of elasticity in compression, and (8) in flexure. The rook was tested 
HI an oven-dried condition and also after four or more days’ water immersion 
at atmospheric temperature. It was found that the wet rock showed a marked 
decrease in strength and elastic moduli. 

The stone tested lay in two main sheets, the upper being well weathered, 
light, and porous, and the lower more dense, compact, and stronger. Further- 
more, the properties varied with depth in each of the two sheets tested, specific 
gravity, strength, and elastic modulus increasing with depth, with a corre- 
sponding decrease in water absorption and water permeability. The following 
extreme ranges of values were observed ; (1) S.G., 1*83 to 2-lfi for dry stone ; 

(2) water absorption, 6*4 per cent, to 15-6 per cent, on the dry weight ; 

(3) water ^rmeability varies from 0*5 x to 6*0 x 10”' cubic feet per 

second flow through 1 square foot area of stone, 1 ft. thick, due to a head of 
water of 1 ft. ; (4) compressive strength, 2,000 lb. to 6,800 lb. per square inch for 
dry stone, and 1,2301b. to 4,9001b. per square inch for wet; (5) shearing 
strength, 6001b. to 2,1001b. per square inch for dry stone and 5001b. to 
2,000 lb. per square inch for wet ; (6) modulus of rupture, 130 lb. to 500 lb. 
per square inch for dry stone, and 1 25 lb. to 385 H). per square inch for wet ; 

(7) modulus of elasticity in compression, 0*34 x 10® to M2 x 10® lb. per 
square inch for dry, and 0*26 x 10® to 0*97 x 10® lb. per square inch for wet : 

(8) modulus of elasticity in flexure, 0*14 x 10® to 0*41 x 10® Ib. per square inch 
for dry, and 0*12 X 10® to 0-34 X 10® lb. per square inch for wet. The values 
in (7) and (8) are mean values for E over a range from about zero stress to 
one-third or one-half of the ultimate crushing stress. 

Introduction 

An investigation was undertaken by the Dominion Physical Laboratory, 
Lower Hutt, for the Hydro-electric Branch of the Public Works Department^ 
Wellington, of the chief physical properties of the natural stone at Maraetai 
at a dam site selected for a projected hydro-electric power scheme. The 
crest of tbst dam, it is estimated, will be about 300 ft. above the foundations, 
probably niaking it one of the highest dams in the Southern Hemisphere. 
The capacity of the power-house will be 180,000 kilowatts with 

five maohiaes. 
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Following a preliminary survey by engineers of the Hydro-electric 
Branch and one by Mr. J. A. Healy of the Geological Survey Department, 
a site was selected in the Maraetai gorge, a cross-section of which is shown 
in a reproduction of a Public Works Department drawing Ehn 1098/5. In 
this drawing are shown the inspection drives and shafts which were excavated, 
from which stone was sampled at 15 ft. intervals and forwarded to Wellington 
for cutting and testing (see Fig. 1). 

The testing* equipment and procedure, test results, and some general 
observations are set out in the report, together with a number of photographs 
and graphs typical of the results obtained. 

Geologically, the stone is known as a welded tuff — in particular, an 
ignimbrite — and is regarded as being the result of a series of explosive 
volcanic eruptions in clouds of viscous particles, which became welded 
together as they settled and cooled. The material occurs in three nearly 
horizontal layers or sheets, of which practically all the upper sheet has 
weathered away at the section of the river examined, but still exists over 
most of the area. 

The middle sheet, about 70 ft. thick, consists of a fine granular mtoix 
in which is embedded large inclusions of pumice and glass crystals up to 
almost J in. across. It is a relatively light and weak material, well jointed 
and weathered. The lower sheet, more than 300 ft. thick, is much more 
homogeneous, dense, and hard, with inclusions of tiny crystals of glass and 
quartz. It is a darker grey in colour than the sheet above it. A series of 
horizontal joints 2 in. to 6 in. apart clearly marks the interface between 
the two sheets. Throughout the site examined the country is well jointed 
with steeply inclined shrinkage cracks or joints. 

I. Scope op Kbport 

The. following physical i)ro})erties of the natural rock at Maraetai were 
tested, and suggested mean values have been set out in tabulated form : 
(1) specific gravity ; (2) water absorption ; (3) water permeability ; (4) ex- 
pansion of the dry rock in absorbing water ; (5) compressive* strength ; 
(6) shearing strength ; (7) modulus of rupture ; (8) Young's modulus of 
elasticity in flexure ; (9) Young’s modulus of elasticity in compression ; 
and (10) Poisson's ratio. 

Thq detailed test results, not shown in this report, indicate that the stone 
is isotropic with respect to such properties as strength and elastic modulus. 
Its appearance bears this out, the material being a close-grained, strongly 
welded tuff with no indication of any stratification apart from the occasional 
lenticular form of its inclusions. There were no consistent variations of 
test values when the tests were conducted along different directions at right 
angles with respect to the same block from which individual test specimens 
were taken. For this reason, the mean values are calculated on data obtained 
from each site, irrespective of directional differences. 

The rock was tested in two conditions — dry and wet. The dry condition 
was established by drying the stone in a large oven maintained at about 
120® C. for at least four days, when the weight was observed from preliminary 
tests to have reached approximately a steady value. The wet condition was 
t!i| result of at least four days’ immersion in water at atmospheric tem- 
perature ; in most cases the immersiqn lasted two to three weeks. Although 
skturation did not generally occur id four days, the stone usually reached 
9^ per cent, of the maximum wet weight in this time. As there was a definite 
decrease in str^gth and in the moduli of elasticity through water immersion, 
the majority of tests were done on wei stone. It seems reasonable to assume 
that the rock will eventually reach 4 nearly saturated condition after the, 
dam is flljed with water* 
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Stone was sampled from fifty different places, each place being marked 
with a number (two with letters) as shown in P.W.D. drawing Ehn 1098/5. 
The vertical or horizontal spacing between neighbouring sampling sites 
was approximately 15 ft. 

The scope of the tests was thus to determine reasonably accurate values 
for the various physical properties of the dam site, covering a comprehensive 
portion of the cross-section of the river gorge examined, to give some basis 
for formulating the design of the dam structure. Together with the “ small 
specimen ” data obtained from these tests must be taken into ac^count the 
natural features of the country, such as the fact that it is well jointed — 
more so in some places than in others — features that may be entirely absent 
in small specimen testing or may influence the test values — e.g., reduce a 
strength value — to an extent that would not occur in the material in situ. 
In Section IV some suggestions are offered as to dividing the river gorge 
section into a number of zones, each having the mean overall properties 
set out. It is probable that, for design purposes, s(*veral zones will be 
groujied, reducing the number to two or three. 

II. Data obtained from the Tests 

In the table on pp. 101-110, setting out the mean values of the test results, 
the various vertical columns have been numbered to facilitate the exjilanation 
of the table. In column 1 the number of the sampling site is given, and the 
data obtained from measurement or test are set out in two horizontal rows — 
the upper row gives the data for the dry stone and the lower one for the stone 
in the wet condition. 

III. Desc^ription of the Testing Procedure, with Notes on the 

Data Table 

Sampling, Marking, and Cutting 

Sampling . — The selection of sampling places was done at the proposed 
dam site, which was visited by Messrs. W. A. Bloodworth and M. Fisher 
of the Hydro-electric Branch and Mr. K. , Williamson of this laboratory. 

It was arranged to obtain, where practicable, samples from the places 
numbered 1 to 50, Al, A2, Bl, and B2 in P.W.D. drawing Ehn 1098/5. 
The samples were taken as the drives and shafts were being tunnelled. The 
contractors were requested to reduce the charges of explosive used in the 
immediate vicinity of the sampling places and to drill through to the Jiext 
head of rock to remove the blocks — the country is well jointed here with 
steeply inclined shrinkage cracks or joints. It was considered that the 
shattering effect of the explosives would not be carried jjast a joint and that 
a sound sample could be removed from the head next to the ones carrying 
the explosives. 

Some blocks received were found to be badly shattered on sounding and 
could not be used, but the majority were quite sound. From each sampling 
site two blocks of approximately 2 ft. x 2 ft. x 1 ft. 3 in. were taken. 

Marking . — As the blocks were removed, the top horizontal face of each 
was marked “ Top,” and with the site number — e.g., 2/30 — meaning that it 
was site 2, 30 ft. from the top portal. The blocks were crated in river sand 
and railed to Wellington, where they were sent direct to the Fletcher Holdings 
stone-yard, Webb Street. Arrangements were made for the stonemason 
to cut as many test specimens as could be obtained of as comprehensive 
a selection as possible. The specimens were all rectangular solids or cubes, 
and the mason marked on each the site number on the original block. The 
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face parallel to the horizontal top face of the original block was lettered 
‘‘ Top/’ From this it could be observed in testing whether the maximum 
stress set up in the test piece would be equivalent to a vertical or horizontal 
one on the site. The results indicated that the material was isotropic. 

Ciitting , — Owing to the highly abrasive nature of the inclusions in the 
stone — large pieces of glass and small quartz crystals — the cutting bad to 
be done with a steel circular saw, the rim of which was impregnated with 
carborundum set in a suitable matrix. The blades were 12 in. to 16 in. 
in diameter rotating at about 3,50() r.p.m. The stone in the upper sheet — 
sites 1 to 4 and 39 to 42 — was inclined to become damaged at the corners 
and edges, owing to the tearing-out of the harder inclusions. The lower^ 
more strongly welded samples, however, gave good clean edges and corners. 



Fio. 2. — Apparatus for measuring ex 
pansion due to water absorption. 


Linear Measurements and Weights 

On receipt of the blocks at the Labolfatory they were all measured to 
1/40 in. with a steel rule and a measuring stand — the distance of the mid- 
points of opposite |aces being measured. The dimensions of the faces 
marked “ Top ” were measured and written down first. The blocks were 
then placed in a large oven maintained at about 120®C. to dry, or immersed 
in a tank of water until such time as they were tested — at least four days 
later- Immediately prior to testing, the blocks were weighed to 1 dram. 
The blocks in the oven were allowed to cool in the testing room, no provision 
being possible for keeping the air specially dry. Each test piece was given 
a distinguishing letter or letters. 
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Specific Gravity 

This was calculated from the linear measurements and weights described 
above, as many test specimens being used as practicable. In general, at 
least six values of each condition were obtained and the means taken. 
Although some extreme variations occurred, as much as 3 per cent, in a 
particular site, this might be attributed to large inclusions, variation in the 
moisture content, or experimental error. The majority of results were 
well within 1 per cent, of the mean values. It was not practicable with 
such a volume of work to crush the stone prior to drying out, &c., nor was 
the extra accuracy regarded as being necessary. 

Columns 3 and 4 of the data table give the dry and wet values 
respectively of the bulk specific gravity so determined. 



Water Absorption and Expansion due to Water Absorption 
The water absorption was calculated as a percentage on the dry weight 
from the formula — 

-^2 W1 

Water absorption (per cent.) = — — X KX) 

where W1 == weight of the dry block. 

W2 = weight of the wet block. 

The data were obtained either from the specific gravity measurements 
or from weight measurements of the tests for the expansion of dry stone in 
absorbing water. 
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In the latter tests, 12 in. X 3^ in. x in. blocks were used. The dry 
block after weighing was set up in the stand shown in Fig. 2, with the dial 
gauge in contact with the top surface of the stone, through an extension 
piece ^ having its lower end spherical. Three such stands and blocks were 
set up at a time and placed in an empty tank. The dial gauges were then 
set at zero. Water was gently siphoned in and the expansions of the blocks 
were recorded every few minutes fpr the first half-hour, and then every 
four hours or so for about three days till the test was completed. The 
initial expansion was quite rapid and 98 per cent, of it occurred in twenty-four 
hours with most specimens. The gauges were read to 0*0001 in. and the 
temperatures of the water and of the room were observed at each reading 
of the gauges. The temperature changes were not great, as a small enclosed 
portion was erected in a room and maint lined at a temperature of about 
20°C. ± 4°C. Corrections were made for the thermal expansion of the 
steel stand, which was heavily greased ]>eriodically to prevent rusting, and 
a graph was plotted to show the relation, expansion of stone v, time in hours. 
This is shown in Fig. 3. 

Column 5 gives the data for water absorption per cent, and column 9 
the range of values for the coefficient of expansion - ?.c., expansion per unit 
length — with the mean value immediately below, for the various sites on 
which measurements were made. 

Water Permeahility 

The apparatus for measuring the water permeability of rock is a standard 
form of equipment used for concrete. The. equipment is illustrated in 
Fig.. 4. 

It consists essentially of a welded open steel box of ^ in. steel plate with 
internal dimensions of approximately Tin X Tin. X 4|in. The bottom 
(T in. X T in.) face has a square hole 5 in. X 5 in. cut centrally, and the lid 
is a steel plate approximately 10 in. X 10 in. X Jin. which can be bolted 
down against the open face of the box with a rubber gasket to make an air- 
and water-tight seal. Four heating elements with nichrome tape wound 
round natural sindanyo sheets are mounted on the inside of the four sides 
with sufficient clearance to allow the 6 in. X 6 in. x 3 in. teat blocks to 
rest squarely on the bottom of the steel box. 

To set in a block of stone for testing, the inside bottom of the box is 
brushed with hot liquid bitumen and the stone pressed against it. Hot 
liquid bitumen is poured into the space between the stone and the sides 
of the box. A current of 4 to 5 amperes through the element keeps the bitu- 
men liquid and prevents air cavities being formed ; at the same time the 
steel box is kept hot by passing a Bunsen burner round it. A sheet-metal 
pyramid with handle is placed over the upper face of the stone to prevent 
bitumen flowing on to it. The appropriate amount of heating, &c., is a 
matter of experience to give a properly sealed stone. The lid is then bolted 
on tightly and two rubber pressure tubes are connected one to each of two 
nipples in the lid of the steel box and the free ends of the hoses are connected 
to air and water connections of the water tower. 

The diagram illustrates the principle of the water tower, which consists 
essentially of a tank with a gauge glass and scale to indicate the quantity 
of water passing through it. Water from the ordinary mains can be run 
up into the tank and at the same time All the steel box, which has an air 
bleeder valve to remove any enclosed air. - The water cock is closed, and 
air from a stfeel air cylinder is permitted to enter, through a reduction valve, 
the top of the water cylinder. The Water is thus forced through the pores 
m the stone, and the rate of flow can be determined at any desired pressure. 
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It was observed that at a given pressure the rate of flow through a sample 
of stone tended to vary slightly and might reach different steady values 
on two consecutive days. 

Observations of the temperature of the water passing through excluded 
the possibility of the variation being caused by change in the viscosity of 



4. — Water permeability test. 


the water. Initially, the flow of water decreased with time due to silting 
up of the stone with particles in the water supply. A Alter was introduced 
between the mains and the water tower but changers f 
varying by as much as ± 10 i>er cent, on the mean flow It was concluded 
that the main cause could be ascribed to alternate blocking up and freeing 
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of the capillaries of the stone with line particles already loose in. the stone 
through prior weathering action or other natural causes. 

The general procedure was first to apply the estimated working pressure 
of the site being tested upon the water and measure the rate of flow after 
it had become steady. As was expected, the 'flow was markedly reduced 
after the stone was saturated. This measurement was observed over a 
period of one to two days and water temperatures noted. The pressure 
was then held at approximately 25, 50, 75, 100, 125, and 150 lb. per square 
inch respectively for periods of one to two hours each and the rates of flow 
measured. The results were plotted on a graph, pressure v, rate of flow, 
which showed invariably a linear relationship as is illustrated in Fig. 5* 

In the table of data, column 6 assumes the high-water level in the dam 
to be at site 42 and gives in pounds per square inch the calculated pressures 



due to the water head at the lower sites on which permeability measurements 
were made. Column 7 gives the flow of water in cubic feet per second per 
square foot of surface, through a block of stone 3 in. thick, having a difference 
of pressure on the opposite, faces equal to the water head at that site. 

Column 8 gives the flow under similar circumstances due to a pressure 
difference of 150 lb. per square inch — i.e., an equivalent water head of about 
290 ft. This set of values is useful for comparing the permeabilities of the 
stone at various places under equal pressures. 

Compressive Strength 

A standard form of test piece was adopted — a 3 in. cube — but a number 
of specimens of different sizes and shapes were also tested and the dat^ 
uaod (see Fig: 6). 
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The stone was placed with sheet lead on the bearing faces between two 
I in. thick steel plates. Each specimen was placed centrally on a spherical 
Beating and the whole placed centrally on the lower platen of a Denison 
hydraulic compression testing machine, 50 tons capacity, registering loads 
by every 0*2 ton. 



Pio. 6.— Compressive strength test (lead capping sheets omitted). 


The testing machine was mechanically operated, the ram moving at a 
steady rate of approximately 0-2 in. per mmute. Th« is considerably 
faster than is sp^ified by A.S.T.M. SpeciJkaiion C. 170-AlT for testing 
natural stone, which specifies a speed not greater than O-Oo in. per mmute, 
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but comparative tests carried out on a new Eiehle 300,000 lb. capacity 
compression testing machine on a small number of varied samples gave no- 
significant or consistent differences from the data obtained on the Denison 
machine. 

The testing machine had been twice checked during the course of the 
tests with two steel proving rings to full capacity, and a calibration curve 
drawn in each case. Care was taken to observe the direction of the applied 
load on the test blocks in relation to the face marked ‘‘ Top,” but no 
consistent differences were observed between the tests made with direction 
of the load parallel to it from those with the load at right angles. 

Failure in the cubical blocks of the lower sheet generally occurred 
suddenly and frequently with the sides bursting out. Fracture occurred 
along shear planes varying between 50° to 70° with the horizontal. Blocks 
having a length : width ratio considerably greater than unity — i.e., 1*5 : 1 
or over — frequently showed the characteristic double pyramidal form of 
fracture, with bearing faces as the bases of the pyramids and the centre 



Fio. 7. — Typical types of failure in compression. 


of the block as a common apex (see Fig. 7). As long blocks appeared to 
be relatively weaker than cubical ones, a correction given in A.S.T.M, 
Specificatiofi C. 170-41T for converting the compressive strength values 
for long blocks to the equivalent values for cubes was applied to test 
specimens with a length : width ratio greater than unity, viz. — 

q Sr 

0*778 + 0*222 Vi 


where b == breadth of the block. 

1 length of the block. 

8r = strength of the rectangular block obtained from compression 
test. 

Sc = the equivalent strength of a cubical block. 

This formula, in general, corrected the measured strength of the long 
blocks to a value close to the mean of the cubical specimens of the same 
material. In a few cases where the correction appeared to give the specimens 
rather high “values, an arithmetical average was taken of the Sr and the 
computed Sc values. 
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Mass Effect , — A number of 8 in., 5 in., and 3 in. cubes, respectively, 
of the same sample blocks from several sites were tested in the Public Works 
Department’s new 300, (XK) lb. capacity Riehle compression testing machine, 
but no consistent differences in compressive strength could be obtained 
due to sj)ecimen size. This indicated that a 3 in. cube was not too small 
to give a satisfactory measure of this ])roperty of the material. 


,w 



Yiq, 8.— Shear tool with test piece mounted. 


The mean values of the compressive strength for dry and wet rock are 
given in columns 9 and 10 respectively in pounds per square inch. 


Shearing Sireftgth 

The shearing tool and the method used were in accordance with ^ 
Speci^ion C. 102-36 on the shearing strength of natural stone. The 
modified Johnson shear tool described in this specification was constructed 
in the laboratory workshops. 


ylOURNAL OF fcJCIBJNCB AND TECHNOLOGY [SbPT, 

The testing machine used for most of the tests was an Avery universal 
testing machine of 50,000 lb. capacity which could be mechanically operated 
at a constant speed of 0*05' in. per minute as laid down by the specification. 
A number of the tests were carried out on the laboratory’s 10 ton Denison 
universal testing machine, which can be hand operated at about that speed. 
Both testing machines were checked — the Avery machine with a proving 
ring to full capacity, and the laboratory machine with dead weights to 
4 tons and to 10 tons with a proving ring. 

The shearing tool is illustrated in Fig. 8. The test piece of nominal 
dimensions 2 in. x 2 in. (shearing area) x 7 in. to 10 in. long is clamped 
firmly between the base and the two outer guide blocks by means of the four 
bolts. The central portion of the test specimen is clamped between the 
upper and lower parts of the moving jaw which transmits the shear. 

The shearing tool has its own spherical seating device through a f in. 
steel ball-bearing at the top of the moving block. 

The ultimate procedure adopted was to clamp the specimen towards 
one end and to test it in double shear. The other portion was then 
similarly tested in double shear, and occasionally this could be done a third 
time. The broken portions were then tested in single shear, care being taken 
to ensure that the specimen projected at least two-thirds of the distance 
into the middle and side jaws respectively. 

This equipment showed one rather serious disadvantage. Owing to 
the flexibility of the stone and the rather large clearance necessary between 
the bottom of the moving jaw and the hardened edges of the recessed 
portion of the base, flexing of the stone occurred with increasing load, 
causing the central moving jaw to be forced against one or other of the guides, 
the I in, bolts of which underwent slight flexure. A steel girdle was 
constructed and mounted round the upp^r portion after the test piece had 
been positioned. The nuts were then tightened so that they just gripped. 
This reduced the tendency for the guiding blocks to spread, and assisted 
in keeping the shearing force in its correct alignment. 

Columns 12 and 13 set out the estimated mean shearing strengths of 
the wet and dry samples respectively, calculated from all the tests made. 
The notation x/y means that from x test pieces, y tests were made in all— 
i.e., 2/7 indicates that 7 shearing tests were made upon 2 test pieces. 

Column 14 : In view of the difficulty experienced with the shearing 
tool stated above, and the fact that this cannot be entirely obviated, it is 
probable that some of the large variations obtained on individual test pieces 
tested several times (frequently as much as ± 20 per cent, of the mean, 
and occasionally as much as ± 50 per cent.) were mainly due to difficulties 
in technique. It may be due to overstrcssing the stone throughout in one 
test, resulting in lower test values in subsequent specimens, but very few 
specimens showed this effect— -many showed their highest results in fourth 
or fifth re-test. An examination of the broken portions did not reveal any 
natural causes for the low values except in isolated cases which were noted. 
It may be argued, therefore, that, as smdll test pieces tested similarly 
several times throughout their lengths in shear should show little variation,, 
except where occasional large inclusions are sheared, the highest value 
of a set of tests on any test piece is probably nearest to the true shearing 
strength of that material. Giving this consideration, a maximum shearing 
strength is shown in column 14, which is the mean of the highest values 
obtained in testing the individual specimens^. It is suggested that the true 
shearing strength lies between the mean overall value and the mean of 
the maximum values. 
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Here, again, no consistent variation was found when the specimen faces 
marked ** Top ” were oriented in different directions relative to direction of 
the shearing force. 

Young's Modulus of Elasticity in Compression, and Poisson's Ratio 
The testing procedure and equipment have largely been based on 
A.S.T,M, Specijwation C. 100-36. The compressometer was constructed 








A* 
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Fio. 9. Compressometer and lateral extensometer mounted on test block. 

in the workshop. In order to find Poisson’s Ratio, a lateral extensometer 
was also designed and constructed for measuring the lateral extension 
across the mid-section of the test block at the same time as the cont^tion 
was being measured. Both pieces of equipment are illustrated m Fig. 9.-. 
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The test specimens were mostly of nominal dimensions, 12 in. X in. X 
in. The compressometer, which consists essentially of a lever and dial 
gauge, was clamped by means of the hardened screws to two points 10 in. 
apart on the test block. At the same time the lateral extensometer was 
attached to the mid-section of the test specimen. The block was then 
placed centrally on a spherical seating and the whole located centrally on 
the table of the Denison 10 ton universal testing machine. Sheet lead was 
placed between the end bearing faces of the test block and the surfaces of 
the testing machine and spherical seating. 



IPia. 10 (a). — Typical curves obtained in the test for elasticity in compression. 


A load of 0*25 ton was applied to the test block for approximately one 
minate, and the dial gauges on the compressometer and lateral extensometer 
were set to zero and adjusted so that both could work to almost maximum 
range. The load was then steadily increased so that the rate of motion of 
the upper crosshead was approximately 0*03 in. per minute — less than 
0*05 in. per minute— until 1 ton was applied. The two measuring instruments 
were then vibrated by means of two small electric buzzers, one of which was 
attached to each instrument ; this assisted in removing the effect of friction 
in the moving parts of the equipment. The two dial gauges were then 
read. Increments of 0*5 ton were applied similarly for periods of approxi- 
mately one minute until a maximum of 5 tons to 8 tons was applied, depending 
the crushing strength of the stone. 
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The load was then removed by | ton increments till 0*25 ton was left, 
the dial gauge readings again being recorded at each load. The load was 
next entirely removed for about ten minutes, and 0*25 ton again applied 
without removing the test block. The dial gauges were set to zero again, 
and the above procedure was repeated. 

After this second “ run,” the two instruments were removed and fixed 
to the adjacent faces at right angles to the ones to which they were initially 
attached. The test was then carried out as before a third time. Graphs 
were plotted for each block : (1) load contraction, and (2) lat(‘ral strain 

V. longitudinal strain (see Figs. 10 (a) and 10 (/>) ). 



Fig. 10 (f>), — Typical carves obtained in the test for elasticity in compression. 


Two values of Young^s modulus of elasticity were obtained for each 
“run,” one approximating to that at zero strain — this was determined by 
drawing a straight line through the points of intersection of the curve with 
the 0*25 ton and 1 ton ordinates. A higher value for the modulus of 
elasticity was obtained by drawing a straight line through the upper portion 
of the curve, which tended to become linear. 

The values of E were calculated by measuring the angles of these lines 
on the graphs, noting the dimensions of the test ])iece, and using a 
nomogram specially constructed. Column 18 of the data table gives the 
value of E at zero strain (secant 0*25 to 1*0 ton) for the dry stone during its 
initial test ; column 20 gives E of a wet block from the same site during its 
initial run over a range of higher stress values (up to about half its breaking 
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stress). Column 22 shows the zero strain value for E of the same test piece 
for the second and third runs, which, in general, gave very similar curves, 
while column 24 gives the value of E for the second and third runs over the 
higher stress range (refer to Fig. 10 (a) ). 

Similarly, columns 19 and 21 refer to the values of B for wet stone at 
low and high stresses applied for the first time, while columns 23 and 25 
give corresponding values for E for the wet stone during subsequent 
applications of stress. They are in most cases the mean values of two or 
more specimens. 

Poisson’s Ratio, by definition = This was evidently 

Longitudinal strain. 

changing with increase of stress set up in the blocks. Graphs were drawn, 
plotting lateral strain v, longitudinal strain, and values of these were 
selected from the straight portion of the curve so that the ratio could be 
determined (see Fig. 10 (6) ). 



Fig. 11. — Deflectometer mounted on specimen. 


The weakness in the testing procedure lay in the fact that longitudinal 
strain could be reasonably accurately measured as the gauge length was 
10 in., and a mechanical lever system of 4 : 1 permitted measurements 
to be made to the order of 1 /40,000 in. The lateral extensometer, however, 
was recording very much smaller strains over a length of only in. without 
any mechanical or optical magnification. The general indication, however, 
was that Poisson’s Ratio was probably between 0*15 and 0*30. 

Modulus of Elasticity in Flexure, and Modulus of Rupture 

The equipment and test procedure were based on A.S.T.M, C. 100-36, 
and the deflectometer was constructed upon A,8.TM, design in the engineer- 
ing workshops. It is illustrated in Pig. 11. 
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The main feature is that one of the base supports can rotate in such a way 
as to be automatically self-aligning with the other support. The loading 
bearer is similarly self-aligning. 

The test specimens are nominally 12 in. X 4 in. X 1 in. The cradle of 
the deflectometer is supported on two brackets which are clamped to the 
long 1 in. edges of the stone 10 in. apart. An inverted bracket is fixed 
to the mid-point of the stone — all points of attachment being along the 
neutral surface of the test piece. The stone slab is then placed across the 
eelf-aligning suj)ports so that the span is 10 in. apart, the brackets being 
directly above the supports as in the illustration. A slight rotation of the 
middle inverted bracket will cause the dial gauge in contact with the 
bearing surface of the bracket to register an increase in reading and then a 



Fio. 12. — ^Flexural elasticity curve. 

decrease. The middle bracket should be adjusted to the maximum reading, 
which means that the bearing surface is at right angles to the axis of the 
dial gauge shaft. 

The deflectometer was mounted on the frame of the testing machine, which 
consisted esentially of a 2 i 1 lever. The load was transmitted from the 
lever vertically downwards on to the stone through a stirrup attached to 
the loading bearer. Fine lead shot running uniformly into a container at 
the free end of the lever applied the load, which could be measured accurately 
to ± 2 oz. In order not to disturb the load being applied to the stone, 
the shot was weighed by registering the decrease in weight of a container 
from which the shot flowed into the loading can. This weight was doubled 
at the loading point of the lever. 
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The initial load applied mid-span to the stone was 12 lb., the weight of 
the stirrup and loading bearer. The dial gauge, reading in 1/10, OCX) in., 
was set to zero. Increments of 10 lb. load, approximately, were applied 
and the corresponding deflections observed on the dial gauge. This inter- 
mittent loading was continued till the specimen failed, the equipment being 
set up to prevent the loading head from falling after the stone broke. 



Fia. 13. — Broken flexural specimens with site numbers shown. 


The load v. deflection curve was plotted, and from this graph the value 
of the modulus of elasticity in flexure at varying stresses in the stone was 
obtained (1) by drawing the tangent at the zero deflection point on the 
graph and (2) a mean value over approximately half the breaking load by 
drawing a secant from zero deflection point to this half breaking load or 
along the initial straight portion of the graph (see Figs. 12 and 13). 

It was found in practice that (1) was difficult to obtain accurately, so 
that only (2) was calculated from the graphs. 
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Columns 26 and 28 give the above values of E respectively for dry stone 
where they have been determined, and columns 27 and 29 the corre.s])onding 
values for wet stone. 

Modulus of Rupture 

Values for this modulus were calculated using a breaking load of the stone 
obtained from the elasticity test above. It was considered that intermittent 
loading would result in “ creep ” taking place while the loads were held 
constant during the measurements of deflection, resulting in a breaking load 
lower than would occur with continuous loading. There were insufficient 
specimens available to obtain a modulus of rupture by continuous loading, 
so that columns 15 and 16 set out what may be regarded as the lower limit 
of this modulus for dry and wet stone respectively. 

A number of broken portions from the elasticity tests were retested on 
a 4 in. span, using the deflectorneter base without the cradle sui)})orting the 
gauge, and the moduli of rupture calculated. These values are shown in 
column 17. 


IV. Notes on the Results 

It will be convenient to refer to Fig. 14, which shows the variation of 
most of the physical properties measured (on the wet stone especially) with 
the depth of the stone. On the horizontal scale the sites are set out in order 
of depth as one descends shaft 7 of the left bank (facing down stream), 
•crosses the river, and then ascends the right bank. 

On this chart, sites 1 4 and 39-42 lie in the middle sheet (see P.W.D. 
drawing Ekn 1098/5), the upper sheet having been already weathered 
away, sites 5-49 on the left bank and 47-38 on the right being in the lower 
sheet. 

The difierence in the properties of the rock of these two sheets is strikingly 
demonstrated in the chart. 

Although consecutive points have been joined by straight lines to 
facilitate the following of the changes that occur in the properties of the 
rock, the chart may be misleading unless it is borru' in mind that these points 
do not always represent neighbouring samjiling sites — e,g., sites 9 and A 
are not neighbours, although a}>proximately on the same level. Sites 18 
and 48 are on different levels and far apart horizontally, hence the marked 
difference in their iirojierties. Site 47 is about 15 ft. lower than site 20 and 
farther from the river — here the difference in strength properties is con- 
sistently shown in the chart. 

Before discussing further the relative values at different sites, a brief 
reference to the probable accuracy of the results will be mad(‘. 

Specific Gravity 

This may be taken as being probably correct to 1 per cent. The order 
of accuracy of the w^eighings (assuming absolute dryness or complete 
saturation) varies from 1 in 500 for small blocks to 1 in 2,(KX) for large ones. 
That for linear measurements varies from 1 in 120 to I in 500. The graph 
indicates that the S.Q. of the dry stone follows its depth with a reasonable 
expectation. 

The upper (middle) sheet is distinctly lighter than the lower one, the 
first having specific gravities ranging from 1-76 to 1*90 for dry stone and 
2-04 to 2-12 for wet ; the lower sheet varies from 2-02 to 2-16 for dry stone 
and from 2*17 to 2*31 for wet. 
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Water Absorption and Resulting Expansion 

The water absorption figures are probably too low by about 5 per cent, 
to 13 per cent, of the mean values tabulated. The material of the upper 
(middle) sheet varies from about 11*4 per cent, to 15*6 per cent, in this 
property to about from 6*5 per cent, to 10 per cent, for the lower sheet, 
based on the dry weight. 

A further set of tests was made upon about thirty blocks (12 in. x 3^ in. 
X 3jr in.) which were oven dried for three days, weighed, and then placed 
in a large strong steel tank which was then closed and made airtight. The 
tank was evacuated and held at a vacuum of 26 in. of mercury for twenty-four 
hours. Water was permitted to enter the evacuated tank until the stone 
was totally immersed — this could be seen by means of a window in the tank. 
After twenty-four hours’ immersion the blocks were reweighed. An increase 
varying from zero to 18 per cent, on the absorption measured by the previous 
method was recorded. The lowest sites showed the least differences. 
Figure 3 illustrates the rate of expansion with time of immersion. 

Water Fer^neabilitg 

With one or two exceptions these values have proved consistent with 
the depth, S.G., and other properties of the rock. The material is very 
permeable compared with most stone, but the flow is given in cubic feet 
per square foot through a distance of 3 in. only. The data supplied for 
water permeability are probably correct to about i 10 j)er cent, of the 
true j)ermeability under the same conditions of test. 

Compressive Strength 

Preliminary tests showed that the use of sheet lead between the load- 
bearing faces of the test blocks did not .significantly alter the crushing 
strength values from the values obtained by capping similar blocks with a 
strong cap of sulphur and sand. The latter method was discarded on 
account of the inconvenience and time factor for the large number of tests 
carried out. The comparisons above were made on relatively few samples — 
about ten of each — but if any error exists it will be on the safe side. Lead 
sheet will tend to give low values, as it has not the binding action on the 
specimen that a plaster or sulphur-sand ca}) would have on the ends of the 
test blocks. Definite and consistent differences have been found in this 
respect in tests of concrete blocks. Further work is being done to investigate 
the effect of capping with plaster of paris as for concrete testing. 

The crushing strength of the lower sheet is reasonably high, ranging 
from about 3,000 lb. per square inch to about 4,300 lb. per square inch for 
wet stone — neglecting some extreme values. The upper sheet shows 
corresponding values of about 1,200 lb. to 2,200 lb. per square inch. 

An analysis of the individual results for wet crushing strength shows 
that 80 per cent, were within i 20 per cent, of the means shown in 
column 11 ; about 10 per cent, were more than 20 per cent, below the 
means tabulated. 

It was not always possible to locate fine cracks even with a high-powered 
binocular microscope, and on occasions blocks which had apparent surface 
cracks gave high test values. Notwithstanding individual variations. 
Fig. 14 shows marked relationship between the depth and the strength of 
the rock at various places. The left bank (facing down stream) appears 
to be markedly stronger than the right bank. 
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Shear Strength 

This has been fairly completely discussed in the account of testing 
procedure. It is sufficient to state that the variation in shearing strength 
follows that for compressive strength from site to site remarkably closely. 

This rock has a high shearing strength compared with its compressive 
strength. The ratio shear strength : compressive strength varies from about 
1 : 3*5 to 1 : 2*5. Data obtained from “ Johnson’s Materials of Construction ” 
for the same ratio for a large variety of rock are mostly of the order of 1 : 5 
to 1 : 15. 

The shearing strength of the upper sheet ranges from about 400 lb. to 
600 lb. per square inch for wet stone, and the lower from 1,300 lb. to 2,(KX) lb. 
per square inch. 

Modulus of Rupture 

As previously stated, this value will probably be somewhat lower than 
if it were carried out by continuous loading. The variation of the value 
from site to site follows the variation of compressive and shear strengths 
closely. 

The upper sheet values range from 125 lb. to 180 lb. per square inch, 
and for the lower sheet from 250 lb. to 350 lb. per square inch. Data from 
“ Johnson’s Materials of Construction ” seem to indicate that, in general, 
stone has a tensile strength of about half its modulus of rupture. 

Elastic Moduli 

Elasticity in Compression , — The value of E in compression for any 
specimen varies throughout the test, and is least at low stresses and rapidly 
increases to a constant value at stresses of about half the ultimate crushing 
strength of the stone or over. 

The difficulty of assessing E was twofold : — 

(1) Drawing the tangents correctly. Small angular variations when 

measuring angles of 60° or more produce much greater relative 
variations in the tangents and therefore in the value of E. 

(2) It was originally intended to carry out this test to a maximum stress 

of about 1,500 lb. to 1,800 lb. per square inch. One or two blocks 
failed by splitting during the tests (the length : width ratio was 
about 3-5 : 1), so that the maximum working stresses were reduced 
to about 1,000 lb. per square inch. This tended to give a curve 
having a less steep slope than at higher loads. 

For these reasons it would not be safe to assess the accuracy of these 
values closer than about ± 20 per cent. 

The form of the curve of modulus of elasticity in compression is rather 
to be expected from a material which, though strong in crushing and shear 
strengths, is light and highly porous. It appears evident that increased 
loading causes compaction of the material, with a fair amount of permanent 
set, as is shown by the decrement curves in Fig. 8. 

Elasticity in Flexure , — This value of E is considerably lower than that 
obtained for compression — ^it tends to approach the value of E in compression 
when the compressive stress in the block is zero. The curve shows a 
maxitnum value at zero stress. 

This, together with the low modulus of rupture, seems to suggest that 
the ignimbrite is “ strongly welded ” in that ibs shearing resistance is high, 
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but that it lacks in tensile strength. The large deflection in the flexural 
test could be accounted for by the fact that considerable compaction takes 
place at low stresses on the compression side of the bend, while the material 
has not the property of offering much resistance to tensile strain on the 
opposite side of the bend. 

Probably the mean value of E — i.e., not at zero strain — is accurate to 
within ±10 per cent., as the curve is linear over the mean portion of its 
stress range. 


Suggestions as to dividing the Site 

Zone 1 : Site^ 1-4 inclttsive 
Comprc^ssive strength (C.S.) 

Shear strength (S.S.) 

Modulus of ruptoe (M.R.) 

Modulus of elasticity in compression (Ec) 
Modulus of elasticity in flexure (Ef) 


Zone 2 

; Sites 5-S inclusive : — 

C.S. 

~ 3,6(M) Ib./sq. in. 

S.S. 

1,350 Ib./sq. in. 

M.R. 

= 300 Ib./sq. in. 

Ec 

- 0*23 — 0*6 X 10® Ib./sq. in. 

Ef 

— 018 X 10® Ib./sq. in. 

Zone 5 . 

: Sites 45-45 and H : — 

(\8. 

-- 3,200 Ib./sq. in. 

S.S. 

— 1,100 Ib./sq. in. 

M.R. 

-- 280 Ib./sq. in. 

Ec 

= 0-3 ' 0-58 X 10®lb. sq. in. 

Ef 

= 0*2 y 10® Ib. /sq. in. 

Zone 4 

; Site 9. — A sudden marked redue- 

tiori ' 

ooours at this site. It is not clear 

w’hether the samples submitted had been 

damaged through blasting or whether 

the reduced values are duo to natural 

causes — c.f/., pressure joint. 

(\S. 

--- 3,1(K» Ib./sq. in. 

S.S. 

1,100 Ib./sq. in. 

Ec 

” 0-22 - 0*6 X 10® lb. sq. in. 

Ef 

== 016 X 10® Ib./sq. in. 

Zone 5 

; Sites 10-12 inclusive ; 

(\S. 

-- 4,5(M» Ib./sq. in. 

S.S. 

r=-- 1,8(H> Ib./sq. in. 

M.R. 

— 350 Ib./sq. in. 

Ec 

= 0-6 — 1-0 X 10® Ib./sq. in. 

Ef 

== 0*24 X 10® Ib./sq. in. 

Zone 6 

.* Sites 15-19 inclusive : — 

C.S. 

== 4,(KX) Ib./sq. in. 

S.S. 

— 1,6(X) Ib./sq. in. 

M.R. 

= 320 Ib./sq. in. 

Ec 

O-.f^ — 0*8 X 10® Ib./sq. in. 

Ef 

— 0*25 X 10® (variable) Ib./sq. in. 

Zone 7 

Sites 48f 46f 50 : — 

C.S. 

™ 4,200 Ib./sq. in. 

S.S. 

= 2,000 Ib./sq. in. 

M.R. 

340 Ib./sq. in. 

Ec 

~ ().4 0*7 X 10® Ib./sq. in. 

Ef 

= 0*22 X 10® Ib./sq. in. 


into Zones with Uniform Properties 


— 1,700 Ib./sq. in. 

. . — 600 Ib./sq. in. 

.. — 175 Ib./sq. in. 

. . = 015 X 108 _ ().35 X io« Ib./sq. in. 

.. =- 0-15 X 10® Ib./sq. in. 

Zone S : Site 49 : — 

C.S. — 3,400 Ib./sq. in. 

8.8. — 1,800 Ib./sq. in. 

M.R. — 3(X) Ib./sq. in. 

Ec — 0*4 — 0-7 X lO** Ib./sq. in. 

Ef — 0-22 X 108 /yq 


Zoyw 9 : Site 47 

C.S. = 3,S(H') Ib./sq. in. 

8.S. **= 1 ,750 Ib./sq. in. 

M.R. == 350 Ib./sq. in. 

Ec == 0-5 - 0-75 X 10« lb. 'sq. in. 
Ef 0*3 X 108 ib./sq. in. 


Zone 10 : Sites 20-25 inclusive : 

C.8. = 3,2(K> Ib./sq. in. 

S.S. =~- J,20(Hb./aq. in. 

M.R. = 250 Ib./sq. in. 

Ec — 0-3 — 0-68 X 10® lb. sq. in. 

Ef — 0*2 X 10® lb. sq. in. 

Site 22 seems somewhat higher in the 
above properties. 


Zone 11 : Sites 26-50 inclusive : — 

C.S. == 3,000 Ib./aq. in. 

8.8. ” 1,100 Ib./sq. in. 

M.R. = 220 Ib./sq. in. 

Ec = 0*25 - 0-65 y 10® Ib./sq. in. 
Ef 0*16 X 10® Jb./sq. in. 


Zone 12 : Sites 51-56 inclusive : — 

C.8. = 3,100 Ib./sq. in. 

S.S. 1,200 Ib./sq. in. 

M.R. = 220 Ib./sq. in. 

Ec = 0-25 - 0-61 X 10® Ib./sq. in. 
Ef - 0*15 X 10® Ib./sq. in. 

Zone 15 : Siteji 58-42 inclusive : — 

C.S. = 1,500 Ib./sq. in. 

S.S. = 550 Ib./sq. in. 

M.R. == 160 Ib./sq. in. 

Ec = 0-22 - 0-4 X 10® Ib./sq. in. 
Ef ==■- 01 X 10® Ib./sq. in. 
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Formulm used in Calculations 


(1) Specific gravity 


Weight of block in pounds x 1»728 
t^olume of block in cubic inches x 62-5. 


(2) Water absorption (percentage) . . 


W |~W 1 ^ 100. W I == weight of dry block ; 
Wj 1 Wj ~ weight of wet block. 


(3) Water permeability (cu. ft./sec./ 
sq. ft.) 


Flow in pints observed 144, since 1 cubic foot 
Time in seconds x 50 25 == pints. 


(4) Compressive strength (Ib./sq. in.) 


Ultimate load in tons x 2,240 

Area of cross section of block in square inches. 


(5) Shearing strength (Ib./sq. in.) . . 


Ultimate shearing load in pound s 

Total area under shear in square inches. 


<6) Modulus of rupture 


3W1 
2 bd2 

where W — breaking load in pounds at mid 
span. 

1 ~ span in inches (mostly 10 in.), 
b == breadth of block (nominally 
4 in.). 

d = depth of block (nominally 1 in.) 


(7) Modulus of elasticity in com 
pression (Ib./sq. in.) 


Compressive stress 
Compressive strain 

A o 

where W — load increment in poundseausing 
a contraction c in. from graph. 
L — gauge length of blocks (nominally 
10 in.). 

A -- cross-sectional area in square 
inches. 


>(8) Modulus of elasticity in flexure _W1‘^ 

(Ib./sq. in.) 4 bd -*D 

where W - load in pounds at mid span 
producing a deflection 1) in. 
b ^ width of specimen (nominally 
4 in.). 

d = depth of specimen (nominally 
1 in.). 

1 = span of specimen (nominally 
10 in.). 


Formulaj 5, 6, 7, and 8, however, were not used, but the calculations 
made by nomograms specially prepared from the above formulse. All 
calculations made by one worker were checked independently by another. 

In the table of results it will be observed that large gaps occur in some 
of tke tests, especially with respect to water permeability and modulus of 
rupture. The main emphasis was given to values for wet stone, as this 
proved to be weaker. Further, practical considerations did not permit 
of more samples being obtained to give a comprehensive set of tests on every 
^ite. 

When this became obvious, particular attention was given to certain 
tests in alternate sites and the remaining tests on the intermediate sites — i.e., 
it was more economical to subject, say, sites 20, 22, 24, and 26 to three or 
four types of test and 21, 23, 25, 27, &c., to the remaining tests. Water 
permeability measurements ran over periods of two to four days, necessitating 
fewer samples selected over a wide range of sites. 
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STRESS ANALYSIS BY PHOTOELASTIC METHOD 

TWO-DIMENSIONAL PRINCIPLES AND PRACTICE 

By W. B. Dunn, D. E. Campbell, and G. S. Marshall, Dominion Physical 
Laboratory, Department of Scientific and Industrial Research 

[Received for publication^ 25fh July, 194S] 

Summary 

The use of the photoelastic method for analysing indeterminate stress 
problems is presented and the possibilities and limitations of the method 
discussed. The general principles and construction of the laboratory equipment 
is outlined. The preparation of the model is described, with emphasis on the 
care required in all aspects of the operation. The description of the photographic 
technique presents the necessity of clear photographs to give accurate patterns. 

The pattern is analysed by the method described in the final section. An 
illustrative example shows that calculations are routine and that by the use of 
mathematical aids accurate results are quickly obtained. 

NOTATION 

Co-ordinate directions. 

Principal stresses. 

Photoelastic coefficients. 

Refractive index. 

Light phase retardation. 

Model thickness. 

Numerical intiger. 

Applied load. 

Wave-length of light (monochromatic). 

Number of wave-lengths (or fringe order). 

Constant. 

Fringe value of model. 

Material fringe value for 1 in. thickness. 

Area of cross section. 

Isoclinic angle. 

Shear stress value if with lower case letters — e.gr., rjcy denotes 
directions in which shear is acting. 

Stress value — lower case letters denote direction of stress. 

In front of any value denotes any small change in value. 
Difference of two shear values. 

PART l.->-GENERAL 

Introduction 

The thesis outlining the use of photoelasticity in two-dimensional stress 
analysis presented by Coker and Filon in 191 1 offered to the design engineer 
a long-needed method of stress analysis. The paper was cgmpiled from 
experimental data taken at London University. The modern trend of 
engineering design has been toward lighter and more economical structures 
requiring low factors of safety. This practice would be dangerous if there 
where not available reasonably accurate methods of stress analysis. 
Photoelasticity makes it possible to “ see ” the stresses in a model of the 
prototype structure. This has distinct advantages over complicated 
mathematical methods in which surface stresses alone are measured. The 
photoelastic method of stress analysis is a useful and economical method 
of accurately measuring internal stresses where rigorous analysis of in- 
determinkte structures is required. Surface stresses can be easily found 
and the problem of stress concentrations can be brought into the field of 
simple analysis." The photoelastic method is not adaptable to all stress 
measurements but can be used in a wide variety of cases. 
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Bince the work of Coker and Filon rapid advances have been made in 
both technique and materials. England, America, Germany, and Japan 
have each contributed valuable work, and it is of interest, although beyond 
the scope of this })aper, that during the last decade the method has been 
extended to cover three dimensional models. 

Principles 

(a) General.— In the year 1816 Sir David Brewster discovered that if a 
transparent isotropic material is subjected to stress it exhibits the j)henonienon 
of double refraction. This property has since been investigated by Fresnel, 
Neumann, Pockels, and others, and from their observations the following 
laws have been derived : — 

(1) The directions of polarization corresj^onding to a given wave normal 

are along the directions of principal stress in the wave front : 

(2) If P and Q are the two principal stresses and N[) and Nq the refractive 

indices of the material in the directions P and Q respectively and 
No the refractive index of the unstrained material— 

N]) No = C^Q f CoP 
Nq - No - C,P 4 C.;Q 

(3) The above statements hold over a considerable range of stress, in 

general not exceeding the elastic limit. The coefficients C, and 
0.2 are the jihotoelastic coefficients, C, is the tranf^verse and Cj 
the direct. 

If the light passes through a plate of thickness L such that the 
directions and magnitudes of the jirincipal stresses are the same 
throughout and there are no stresses along the light path the 
relative retardation, 

K - L (Np — Nq) 

= 0, ~ C., (Q - P) L 
= K L (P - Q) 

(h) Circularly Pohrized Light, —The property of double refraction as 
exhibited by mica, tourmaline and calcite crystals can be briefly described 
as the ability to split an entrant plane polarized beam of light into two 
vectors of filane polarized light at some angle to each other. The two 
vectors traversing the material suffer a relative jihase retardation. The 
so-called commercial quarter- wave plate is a sheet of mica with its faces 
parallel to the optic axis. The light, which is plane jiolarized, enters normal 
to the })lane of the plate and with the plane of polarization at 45° to the 
optic axis. This ensures that the two vectors are equal in amplitude. 
(The optic axis is one principal plane of vibration and the other one is at 
90° to the optic axis.) If the thickness of the mica is such that one emergent 
vector becomes 90° out of phase with the tither emergent vector, then the 
resultant vibration is a circular motion. The emergent light is said to be 
circularly polarized. 

If two quarter-wave plates were placed one behind the other with optic 
axes in the same plane, to form a half-wave jilate, the relative phase re- 
tardation of the light vectors would be 180°. Consider now the case of 
plane polarized light falling on such a half-wave plate with its plane of 
polarization at 45° to the optic axis. Referring to the vector diagram 
(Fig. 1), the entrant plane jKilarized vector is OB split up into vectors 
OX =4*1 OY = +L With the emerging vectors having a resultant 
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phase retardation of 180® (that is, when OX = +1, OY = —I or OX = 

OY = +1), the resultant emerging vibration is plane polarized as vectors 
OA or OAi respectively (i.c., the emerging light is polarized in a plane 90® 
to the light incident on the half-wave plate). 

Similarly, th^ placing of two quarter-wave plates one behind the other 
with optic axes at right angles to each other brings the plane of polarization 
back to the original plane. 

(c) Use of Photoelastic Phenomenon , — The value R in R = KL (P — Q)* 
may have any value, but at the particular values R = 2m7r and 
R = (2m + l)7r the temporary double refraction corresponds to a full-wave 
and a half-wave plate respectively. This means any incident plane polarized 
light vector will emerge in the same plane as entry if R = 2m^T, or rotated 
through 90° if R — (2m -f l)7r. Therefore, to analyse this effect the 
following are essential : — 

(а) A system to give plane polarized light. 

(б) A system to analyse the emerging light. 



The simplest equipment would be two sheets of Polaroid, one in front 
of a stressed model and one behind. Light passing through the first polaroid 
would enter the model plane polarized. The emerging light vector at points 
where R = 2m7r would vibrate in the same plane of polarization as before, 
but at points where R = (2m + l)7r the light vector would vibrate in a 
plane at 90° to the above. 

The light would now pass into the second polaroid. If the plane of 
polarization of this sheet was at right angles to the original plane, only the 
vectors corresponding to R == (2m H- l)7r would be able to pass through. 

This means that all over the sheet as viewed along the direction of the 
light there will be points of maximum darkness and maximum brightness. 
In effect these appear as bands of black and white lines (see Fig. 1 a), which 
fade into each other. These lines ,from the original definition of ‘‘ R ” are 
loci of points where, the v&.lue P-Q is constant. 

In the use of plane polarized light the pattern above has superimposed 
upoii it a second pattern. This is due to the fact that at certain places over 
the stressed sheet (ot model) one of the planes of principal stress direction 
coincides with l^he plane of })olarization and allows the light to pass straight 
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through. (The vector at 90° is zero.) The pattern from plane polarized 
light contains, therefore, two features — (a) a pattern of loci of points of 
constant principal stress difference (isochromatic pattern) and (b) a pattern 
of loci of points where a principal stress is parallel to the incident light 
vector (Isoclinic pattern). This information is suflScient to solve for all 
stresses (see Part III). 

The isoclinic pattern may be eliminated by the use of circularly polarized 
light. This requires the placing of a quarter-wave plate on either side of 
the model and immediately adjacent to it, with the polaroid sheets remaining 
as before. By placing the optic axes at right angles to each other and at 
45° to the original incident plane of polarized light, the light passing through 
the final polaroid is exactly as in the above case, except that the isoclinic 
pattern is eliminated. Circularly polarized light may be considered as two 
vectors vibrating in planes at right angles (see above). The circularly 
polarized light passing into the model at any point may then be considered 
as two vectors vibrating in the planes of the principal stresses and therefore 
independent of the isoclinic angle— i.c., the angle between principal stress 
and plane of polarization. 

With a combination of the above methods it is possible to separate both 
patterns. 

Experimental proof of the theory can be found by three methods : — 

(а) Cutting a small strip and loading in simple tension or compression 

so that the principal stress at right angles to the applied load is 
zero. By counting the fringes as they appear and plotting against 
the load, the relation between the two is shown to be linear. 

(б) ^ Loading a circular model equally at 4 points at 90° to each other 

and plotting the number of fringes appearing at the centre, against 
the value (P - Q) at the centre. In this case P and Q are 

8P 

calculable and (P - Q) can be shown to equal where P is 

rrha 

the load applied across one diameter, L thickness of plate, 
(I = diameter of plate. 

(c) By loading two such disks which are exactly similar exco])t for 
thickness, the number of fringes may be shown to be constant. 
The value K in the equation R •-= K (P-Q) is the only variable. 

PART II.— TECHNIQUE 
1. Construction of Equipment 

(a) Polariscope . — The apparatus required for interpreting photoelastic 
phenomenon is as follows : (1) a bench to mount the equipment, (2) a point 
source of light ; (3) an optical system to give both plane and circularly 
polarized light (polarizer) ; (4) fittings to make it possible to change the 
system of polarization simply and effectively ; (5) an optipal system to give 
parallel light through the model ; (6) an analyser to collect the light, (7) a 
screen on to which the image may be projected, (8) a camera to keep 
permanent records, (9) subsidiary apparatus to ensure correct alignment of 
parts 1 to 8, 

The assembled equipment is the polariscope. The diagram (Fig. 2) 
shows the polariscope made and installed at the Dominion Physical 
Laboratory (New^ Zealand) to analyse two dimensional models. 

The optical Jj^ench (1) is made up of four 1 -in. -diameter mild-steel rods 
fitted into four equally spaced brackets. These brackets are identical in 
shape and size and rest on two wooden tables. Each bracket has two 
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levelling screws in order to ensure that the top of the bench is horizontal 
throughout its entire length. Running along the top are the stands (2) 
carrying the main equipment. Along one edge of these stands are two 
feet cut to a V shape to slide along the 1 in. rod. A small hook clamp is 
attached for locking purposes. The centre stem is set in the base so as to 
allow for slight lateral and longitudinal movement once the base is clamped 
to the bench. The hollow stem is provided with a set screw to allow for 
vertical positioning of the particular fitting# 

The light source (3) is a 75- watt, tungsten-filament lamp, run from a 
230/1 2v. transformer. It is carried on a stem to allow for both angular 
and vertical movement. It is essential that the filament be at right angles 
to the light path. The cover permits only a small beam to pass out and 
cuts ofP all unnecessary light. 

The two condensers (4) focus the light on to the polarizer (5). The 
polarizer consists of a sheet of })olaroid followed by a mica quarter-wave 



Fig. 2. — Polariscope. 


])late. The stand holding the two parts of the polaroid is a 6-in. -diameter 
circle. Around the outer circumference at 5° intervals is drilled a series 
of holes. The polaroid is fixed to a centre bushing and is free to rotate. 
A small arm fitted^ to the bushing enables the polaroid to be moved to any 
angle. The arm has a small spring-loaded foot which fits into the drilled 
holes and ensures the correct setting for each 5°. The quarter-wave plate 
is fitted in a similar bushing to a square plate pivoted at one corner to 
enable it to be swung in or out of the light path as required. The arm is, 
in this case, an indicator pointing to the drilled holes. A removable filter 
is mounted next to the quarter wave plate. 

From the polarizer the light passes through two large 8 in. condensers 
(6) so arranged as to give parallel light. The light then ])asses through an 
analyser (7), which is a replica of the polarizer but placed to allow the light 
to enter the quarter-wave plate first. At the end of the bench is a camera 
(9), into which the light is brought to focus through the compound lens 
system (8). The back of the camera has a ground glass })late fitted to permit 
visual inspection of the model. 
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To set up the equipment it is necessary first to level the bench and set 
the lamp to a suitable height. A telescope is then placed at the other end 
of the bench and set on infinity. As each component is put on it is positioned 
by sighting the filament of the lamp through the telescope. To get the 



Fig. 3. — ^Lo^itig maohine (using tension model). 

correct heights & tar^t disk set oti a stand is used. This is first fixed so 
that its centre j^int is exactly the same height as the filament ; then each 
comi^neht is set so as to focus the light concentric with one of the target 
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rings. In this way all the parts are placed in their correct position. To 
set the Polaroid a disk of photoelastic material loaded in one direction is 
used. The isoclmic for zero degree is along the diameter loaded. The 
disk IS susriended by string along the line of the load. The j.olaroids, 



Fig. 4. — Loading machine (showing shear clamps). 


previously crossed, can be swung until the model is clear and the isoclinics 
are distinct black lines. The polaroids must be set and the graduations 
(holes) on the polarizer marked for the correct zero. The disk is removed 
and the quarter-waves plates are set by rotating until maximum brightness 
occurs. These are then fixed and set. 
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(b) Loading Equipment . — The equipment used for loading photoelastio 
models must be versatile in that it can readily be adapted for all types of 
loading. The three most common loads are — 

(а) Tension. 

(б) Compression. 

(c) Shear. 

Torsion is beyond the scope of two dimensional work. 

The loading equipment used at the Dominion Physical Laboratory is 
readily adaptable to the three types. A main stand ( (1), Fig. 3) sits on the 
polariscope bench, and supports two threaded side rods (2). The top 
adjustable cross-arm (3) carries a piston and oil cylinder (4) supplied from 
a hand pump and gauge. The top of the piston carries a simple beam (5) 
with rods (6) on either side attached to a lower beam (7). Clamps fitted 
to this and the lower adjustable cross-arm (8) provide holds for tension pieces. 
By extending the distance to the lower beam (7) a model fitted between the 
top adjustable arm (3) and the beam (7) is compressed. By fitting clamps 
between the two adjustable arms (3 and 8) and clamping the model to these 
the tension or compression method is converted to a shear method. The 
clamps used in all three methods (except the main shear clamps) are free to 
pivot so as to automatically adjust for alignment. 

The loading apparatus with shear clamps is shown in Fig. 4. 

2. Photoelastic Materials 

The following properties are desirable m photoelastic materials : — 

(ay Clarity : A material must obviously be transparent. 

(b) Hardness and Rigidity : The material should be hard enough to sustain 

clamping during loading and machining without undue distortion, 

(c) Machinability : Materials are unsuitable unless they can be easily 

machined by ordinary power machines. 

(d) Freedom from Initial Stresses : Materials containing any stresses 

other than those set up during the experiment give inaccurate 
results. Most materials can be relieved of stress by annealing. 

(e) Linear Stre^s-Strain and Stress-Fringe Relation : For any loading 

the plotting of stress against strain, and stress against number of 
fringes appearing, must be linear. 

(f) Absence of Creep : After a certain time has elajjsed the appearance 

of the stresses must not be altered due to changes in the fringe 
value (K in R KL (P-Q) ) or changes in the strain for any given 
load. This must also hold for moderate temperature changes. 

(g) Optical Sensitivity : This is the most important of all properties and 

refers to the value of K above. This value must be kept small. 
A loaded model is usually covered with many fringes of varying 
order corresponding to the value (P-Q). If the value K is large, 
the model will have only a few fringes and the necessity for 
interpolation will cause results to be inaccurate. 

The introduction of plastics has considerably widened the materials 
available to the stress analyst. Glass is a photoelastic material, but cannot 
be suitably machined and has a very high fringe value. Of the plastics, 
nitro-^cellulose (celluloid) was the first used with considerable success. It 
is still used because of its cheapness and ease of machining. However, its 
large fringe vahie (Table 1) has caused its displacement by clear bakelite, 
which answers to most of the above requirements. Bakelite shows changes 
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in properties after five to six hours, Imt, with this limitation, is an ideal 
material. Other suitable plastics of the phenol formaldehyde group are 
Catalin and Marblette. An allyl resin known as Columbia Kesin (C.R. 39) 
has been found to be suitable. 

Table I. — Pbopertiks of Photoelastic Materials 


(Room temperature approximate values) 


Mttterlftl. 

Fringe Value 
in Ib./sq. in. i 
shear/ln. 

1 Thiek. 

i 

Ultimate Strength 
Tensile Ih./scj. in. 

j 

Elafttie Limit j 

Ih./Hq III. 

Young’s Modulus. 
Ih./sq. in. 

(1) Celluloid 

iio-mi 

(4-lt-8-5) X 103 

(3 -9 -7 -5) / 10'^ 

(2-0-3-9) X 10» 

(2) Marblette 

38 

5-3 X 106 

(3) Phenolite (Japan) 

32-6 

10.7(K) 

4,300 

5 -25 X 106 

(4) Trolon (Germany) 

31*5 


1,420 

3-55 X 106 

(5) Glass.. 

490-1500 



9 X 106 

(6) Bakelite (61-893) 

43 0 

17,000 

7,000 

6*15 X 106 

(7) Columbia Resin 
(C.R. 39) 

86*6 

5,000-«.(HM> 


2-5-3-3 X 106 


(1) M. Frocht. (2) Solakiaii. (.1) Z. Tuzi (4) (J. Oppol. (.'>) M. Frocht. 

(0) M. Frorht (7) IHaHtwit liullftin No. 2^ Oct. 15, 1943. 


3. Preparation of Models 

The Dominion Physical Laboratory has used bakelite for all models, 
but the jirocedure for other plasties is almost identical with slight variations 
in the machining in the case of C.R. 39. 

The material is supplied in sheet form and before use must be thoroughly 
annealed. The annealing process is carried out in a temperature controlled 
oil bath and is as follows : — 

(1) Preheat bath to 240° F. (115° r.). 

(2) Place sample on a slieet of plate glass in bath and keep at temperature 

for one hour. 

(3) Cool in bath at rate of 15° F./hr. (ap])roximately 1 1 hr. 40 min.). 

Th(‘ sheet can then be stored and used as required. 

The model to be made is scaled from the prototype to a size suitable for 
the polarisco})e and a blank cut from the plastic sheet so as to leave 
clearance from the finished lines. A jig saw is suitable for this operation. 

The blank is now ready for polishing. Sheet bakelite is opaque as received 
from the manufacturers, but by polishing becomes transparent with a light 
amber tinge. The first process consists of grinding the faces with emery 
paper. This is done by successive stages, finishing u]) with a fine grade such 
as 400. Emery papers suitable are 100, 200, 320, and 4(X). The grinding is 
done first in one direction, and then on change of emery grade, at right 
angles to the first direction. This ensures that all marks of the previous 
grading are eliminated before next change of grading. 

The rough polish is done with a 600 grit on a cloth lap. The model is 
finally polished with jeweller's rouge. 

The model is now scribed with the final sizes and machined to shape. 
The edges are machined with end mills. The machining should be done 
with slow feeds and high cutter speeds. Cuts of 0*005 in. can be used up 
to the last 0*005 in. The last cuts should be one of 0*002 in., two of 0*001 in., 
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and two of 0*0005 in. The last feeds should be especially slow. Edges 
requiring turning can be machined in a lathe using a similar procedure. 
Irregular surfaces can be finished with either a hand or rotary file. A panto- 
graph engraving machine can also be used for irregular surfaces. The 
greatest care must be taken to keep the surface free from scratches during 
machining and the model may be masked with paper. All tools should be 
sharp and used for photoelastic work only. Drills used for boring holes 
should have the point ground at an included angle of approximately 75° to 
85°. Larger holes should be drilled with a small drill followed by end mills 
increasing by in. diameter. Coolants such as kerosene, light oil, baking- 
soda, and water or air may be used but are not absolutely necessary. In 
all machining operations the model should be securely set up and clamped 
so that edges are normal to the faces. The machining of the model is most 
important, and unless the recommended procedure is followed the model 
will show machining stresses large enough to invalidate the results. 


4. Experimental Technique 


The experimental work on the photoelastic model must be done within 
a few hours of completion of machining, due to the time-edge effect. This 
phenomenon takes place when machined Bakelite is left exposed to room 
humidity for any length of time. Depending on the relative moisture 
content of model and atmosphere, the model takes up or gives off moisture 
along the surfaces exposed. The resulting contraction or expansion of the 
edge causes compression or tension in the model. 

The ''model is first placed in the loading machine on the })olarisco})e 
bench. The importance of accurate alignment and accurate load application 
is paramount. 

The model must have its parallel faces normal to the light path, and 
its edges must lie along the light path. This ensures that the stresses will 
be normal to the ray of light and that the edge will be cl(‘arly defined as a 
sharp line. If the former does not hold, the fringes will not be true measure- 
ments of principal stress difference. If the latter does not hold , the boundaries 
will be vague and the exact position of any fringe as it runs into the boundary 
hard to define. Boundary stresses are often important in stress analysis. 

In the event of the method of load application being incorrect a true 
representation of prototype conditions is impossible. To give correct 
load distribution it is necessary to load through some form of equalizer to 
produce uniform distribution. A piece of cardboard is the simplest means 
of obtaining uniformity. The cardboard is placed between model and 


prototype 

load. With a high ratio of model accuracy in applying the proper 

loads in the proper place is required. 


When the model is correctly aligned the load is applied until the fringe 
order at the highest point indicates a stress slightly below yield point. 
As the first fringe appears the position is npted, and when it is considered 
that the number of fringes appearing at this point has reached the safety 
limit the loading is stopped. For Bakelite this is about eleven fringes. 
The load is left at this value for fifteen to thirty minutes to allow for a 
complete bedding in of all parts. Any changes Under load due to strain 
and optical creep do not then occur during the photography of the fringes. 
During this period the camera is focused and the plates loaded ready for 
for use. 



1945] Dunn, Campbell, and Marhhall. — Stress Analysis 123 
BY Photoelastic Method 

When the model is ready the polaroids and quarter- wave plates are both 
set at the zero position. The patteni is photographed. 

The quarter-wave plate is now removed and a second photograph taken. 
The Polaroid on both analyser and polarizer are next moved through angles 
of 10^ so as to vary the plane of polarization. The completed set of photo- 
graphs comprises an isochromatic pattern at full load and photos of iso- 
chromatic plus isoclinic pattern for each 10® angle between if and 90°. 
As the isochromatic pattern is always constant, isoclinics for each angle 
can be derived from the difference between each fdioto and the original 
pattern taken with circularly polarized light. A composite drawing of all 
this information, called the isoclinic pattern, is compiled. 

The compiling of the isoclinic pattern is the most difficult operation in 
applied photoelasticity, and any inaccuracy in the operation will cause 
considerable errors in the results. Separating the two patterns needs 
careful inspection and drawing. The Dominion Physical Laboratory 
developed a technique which depended upon the fact that a loaded model 
will change its isochromatic pattern during the load a})plication, })ut not 
the isoclinic pattern. This })roperty is obvious from Part T. 

The operation consists of taking each isoclinic photo with the load 
moving during exposure. The intensity of light from the source is reduced 
and during a thirty-second exposure the load is moved through three cycles — 
from one-third full load to two-thirds full load — at a uniform rate. The 
[)rints show the isoclinic only. The reason for not taking the cycle from zero 
to full load is that at zero load the isoclinic disappears and a continual 
restressing to full load may cause breaking due to fatigue. The isoclmics 
are drawn on tracing-paper by viewing each negative, illuminated from 
behind, in turn. The isoclinic values are then plotted at regular sections 
across the model, and smooth curves drawn for each section. The isoclinics 
are redrawn from these curves. The final isoclinics are inked and 
photographed. 

The developing of photos should be done as soon after exposure as 
possible, so that a check on the work can be obtained. Any errors in 
procedure can be seen and the model used again before removal ; otherwise 
appreciable edge effect occurs. The light used should be monochromatic 
green produced by placing a filter next to the polarizer. The type of plate 
used and exposure depend on the operator and developing technique. The 
Dominion Physical Laboratory practice is to use Kodak Ortho X Plates 
exposed for ten seconds. 

The only information remaining to be found is the fringe value and the 
fringe order. The latter is obtained by loading and unloading the model 
and counting each fringe as it appears from each source and when fully 
loaded noting the position of each fringe and recording on a rough sketch. 
On each fringe the number is written — e,g,, the first to a])pear from any 
point is No. 1, the fifth No. 5, &c. The first fringes appearing from 
different points are still No. 1, whether they appear at different loading times 
or not. This applies to all values. 

The fringe with number 2 on it means that P-Q along the isochromatic 
is twice what P-Q is for number 1. From general principles if the load 
difference doubles a second fringe appears due to a retardation of two 
wave-lengths. 

The fringe value is found by plotting the fringe order against load for a 
simple tension piece (cut from the same sheet) as described under Principles,** 
Section (c), Part I. 
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From R = LK (P-Q). 


(Where L = thicknees of plate.) 


From the fact that the maximum shear at any point in a stressed 
body = -y- 

Q, R wA 

“ 2EK - SEE - 

Where A = wave-length of light (monochromatic). 
n — number of wave-lengths retarded. 

F is the fringe value and may be looked upon as the value of 
maximum shear stress at any point in a model corresponding 
to a fringe order of one. 

/ 

F == — where / is the fringe value of the material for 1 in. of 
L 

thickness. 

p 

Therefore in a simple tension piece where shear maximum = 2^ (Q is 

P 

zero and P is load applied), F ^ where n is fringe order for load P. 

The material fringe value = FL 
PL _ P 
2Aw %(in 

where d = width of the model. 

The information acquired is now as follows : (a) isochromatic pattern ; 
(b) isoclinic pattern ; (c) value of fringe orders on pattern ; (d) fringe value 
of material. 


PART ITT.-^DERIVATION OF RESULTS 


(1) Calculation ov the Principal Stresses in a Two-dimensional 

System 

The Shear Difference Method . — In any body subjected to a system of two 
dimensional forces (see Fig. 5), the shear stress along any co-ordinate system 

P— Q 

OX : OY at a point C is given by (Txy)c = — sin 26 


where P = the greatest algebraic principal stress at C. 

Q = the smallest algebraic principal stress at C. 

0 = the angle between P and OX. 

Photbelastic examination provides sufficient data to compute the shear 
at any point. From the material fringe value and the fringe order at point C 
P— Q 

the value — given directly by definition 
7lcf P— Q 

L 2 


where Uc == fringe order at point C* 

/ = material fringe value 
L = thickness of model. 
f 

The value is called the model fringe value. 


The isochromatic pattern 


furnishes the value 
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From the isoclinic pattern the angle d is derived at point C, as by 
definition the isoclinic curves are loci of jioints where P makes a given angle 
with the reference axis (usually OX). This angle 6, in the isoclinic pattern, 
is usually drawn only for angles between 0 and 90" as it can be seen from the 
diagram if P moves to some angle between 90" and 180" the value (Txy)c 
is of the same value as the corresponding position in the first quadrant only 
the direction of {Txy)^^ has changed. (Note the value at 8 ~ 110" is the 
same as at ^ ~ 70"). Between 180" and 360" the values and stresses are 
mirror images of those between 0" and 180". A check on this fact is aiforded 
by the definition for shear stress, as sin 2(110") — sin 2(70") - sin 2(290"), 

showing only a change of sign (direction) in the second and fourth quadrants. 



The problem of the direction of the shear is solved by means of a simple 
rule. Taking a system of ])Ositive forces and the usual co-ordinate notation 
as shown in Fig. 6, the shear stresses are denoted by the following sign 

directions; combining the forces in the two positive 

directions the resultant is along the dotted line. 

It can be seen that if the algebraically greater principal stress is in the 
first or third quadrants thg system of positive shears is satisfied. If it is 
in the second and fourth the shear system is negative. 

Another simple rule is to draw’ an apj)roximate stress diagram at the 
point “ C in question. Draw in the normal and the major principal 
stress P. The direction of the shear stress on the normal side of OX is the 
same as the direction of the angle measured from the normal to P on the 
normal side. 
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Th« principle is shown in Fig. 7. Where the isoclinics are drawn only 
from 0° to 90”, a knowledge of the direction of P is required (0® to 90® may 
mean 180® to 90®). By practice and a knowledge of the loading system 
the determination of whether P is in the first or second quadrant becomes a 
matter of simple inspection. 

In this respect the axes must be carefully watched. When the calcu- 
lation is being taken from the OY direction the opposite of the above holds. 

Three facts are now known : — 

(а) ^(orP-Q) 

(б) / 

(c) The direction of the shear stress. 

From these the whole system may be analysed. The shear difference 
method supplies ux and ay, the stresses along the OX and OY axes, directly. 
This is enough for most engineering problems. However, if P and Q (the 



Fig. 6. — System of forces in equilibrium. 


principal stresses) are required the two following simultaneous equations 
supply the information : — 

ay = Psind Qcos^ 
ax — Pcosd — Qsin^ 

From the expression for stress at any point along the axis of a co-ordinate 
system 

■ 

as derived by Cartesian Co-ordinates from forces in equilibrium, it can be 
seen that the stress at any point C along a section OX in the OX direction 
can be fbund if the stress at some other point 0 on the same section and in 
the same direction is known. By breaking up the model for analysis into 
sections OX, OX^ — OXn the whole of the stresses at set points in the 
OX direction can be found as long as at one point in each section the stress 
is known. At free boundaries, at isotropic points where (P — Q) and at 
singular poiqts where (P Q = 0)* the stress can easily be found from the 

* Where P ss Q O, every diteotlon is a principal stress direction. Many isoclinica 
wItt pass throttil^ii suph points. 






128 


N.Z. Journal of Science and Technology 


[Sept. 


In computing, care must be taken with signs ; '' dx'' is positive as it 
moves to the right, “ ” is positive as it moves upward, and Srxy is positive 

when TX^y^ is algebraically greater than rx^^y^^ (OX' is above OX"). 
When dx” dy^' care must be taken to remember this and take it 
into account. 

To finish the computing, take the point “ 0 ” where the stress ax is known 
and finish the calculating of ay across the section at points A, B, C - - N. 
For stresses in the OY direction the formula 

ay ~ ax ^ (P— Q)^ ~ 4 rxy^ 

is used. P-Q is taken from the isochromatic value at the point and rxy 

P— Q 

from the computation rxy = — sin 26. The jt: signs are used depending 

on whether ay is greater or smaller algebraically than ax. 

llluMrahve Problem . — To show the use of the shear difference method a 
section of a model is calculated. The applied load was 250 lb. tension and 
the model held in shear on one side (Fig. 9). 

The section under consideration is marked OY, and the two sections 
used for calculating are marked OY^ and OY^. Points where stresses are 
computed are 0123 4 ~ 9. The imsitive direction is from 9-1 and from 
OYi to OY.,. 



Fic. 8. — vShear difference analysis. 


For each section curves of P-Q, and 6 are drawn from Figs. 1a and 10^ 

P— Q 

shear computed and plotted from — sin 2^. A nomogram (Fig. 11) is 

It 

recommended for this operation. 

The sign of axy is obviously positive, the major algebraic stress being 
in the first quadrant. This applies to rx^y^ and rx^^y^^ also. A curve 
is drawn of rx^^y^^ as dx — dy numerically that is all that is 

necessary. It must be noted that in moving from 1-9 dy is‘ negative, so 
that the curve of rx^^y^^ — rx^y^ must be drawn as a negative value and 
not a positive value. 

As both top and bottom edges are free boundaries and as the stress 
normal to a free boundary is zero, the stresses at points 0 and 9 are known. 
Using these, the stress ay at all points is computed. At this stage it is 
easier to keep the stress in fringe values. 

From the curve of P-Q and rxy for the OY section the value of 
(P— Q)2 — irxy^ is found and so ax. ax at the free boundaries is the 
isochromatic value. 

Curves of ax and ay are plotted. It is to be noted that in this case the 
Ot' axis is used for calculation and not the OX. This is a matter of cWce 
and) if care ih taken to notice the effect on signs, will not effect results. 
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250 tU. 



m 


Fig. 0, — ^Model (showing positions of calculations). 
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StaUc Checks . — The area under the shear curve {rxy) is the total shear 
force across the section OY. This is obviously the aame as the applied 
load, as it is pure shear at this section. 

The area under the shear curve has a mean value of 0*976 fringes. The 
fringe value for Bakelite is 42*8 Ib./sq. in./in. thick. The model is 0*284 in. 
thick. 



Fio. 10. — Isoclinic pattern of model. 


42*8 

This makes P~Q equal to X 2 = 303 lb./sq.in. 

Therefore, aa the cross-sectional area is 3*0 in. X 0*284 in., the applied 
load was 

' *976 x'308 X 3*0 X *284 = 262 lb. (an error of 0*8 per cent.). 
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The areas under the shear curves of both OX^ and OX 2 were also found 
and from these an applied load of 244 lb. and 252 lb. was calculated. As 
an added check, the stress oy at point “ 0 ’’ is zero, and by calculating along 
OY a stress of zero at point “ 9.” is obtained. This is correct, as “ 9 ” is 
on a free boundary. 



Fig. 11, — ^Nomogram used to compute shear. 


From the nature of the loading the stress is obviously pure shear and so 
the area under the nx curve is nearly zero, as is to be expected. 

The figures in Table II are taken from the graphs AT = tx^ 

(ft/ 

and AT ^ at station 3 is the value of mean ordinate of the curve between 
stations 2 and 3. 
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Point. 


fry 

Fringe. 

(P-Q)* 

rxy. 

4 rxy* 

(P-Q)*. 

-4m** 


trX 

Fringe. 

frx 

lb./»<i.ln. 

try 

lb./sq.ln. 

v^(P-Q)» 

— 

0 


0 

0 

14- 1 

0 

0 

0 

0 

-3*76 

-1,135 

0 

1 


-•3 

+ *3 

6-89 

1-36 

6-76 

•13 

•36 

- -06 

+ 18-2 

+91-2 

2 


-•36 

+ •66 

9-0 

1-6 

9-0 

0 

0 

+ -66 

+ 197 

+ 197 

3 


-1 

+ •76 

8-46 

1-46 

8-45 

0 

0 

+ -76 

+227 

+227 

4 


+ •1 

+ •66 

6-76 1 

1-3 

6-76 

0 

0 

+ -66 

+ 197 

+ 197 

5 


0 

+ •66 

4-84 1 

1-06 

4-42 

•42 

•66 

0 

0 

+ 197 

6 


0 

+ •66 

3-36 

•85 

2*88 

•47 

•685 

- -035 

-10-6 

+ 197 

7 


+ • 1 

+ •66 

1-96 

•6 

1-44 

•62 

•72 

- 17 

-61-7 

+ 166 

8 


-h-36 

+ •25 

•81 

•35 

•49 

•31 

•56 

- -3 

-91 -2 

4' 76 

0 


+ •25 

0 

0 

0 

0 

0 

0 

0 

0 

0 







CONCLUSION 

The photoelastic method is comprehensive and accurate and is ideal for 
models of lai^ge engineering structures. The technique is fundamentally a 
laboratory one and requires more equipment than for most types of stress 
imalysis. The calculations are simple in comparison with the long mathe- 
matical methods of treating indeterminate structures. In general, the 
enginlbring designer can be said to have at hand a useful and accurate tool. 
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ROT-PROOFING OF CANVAS 

PRELIMINARY REPORT ON EXPERIMENTS CARRIED OUT IN 

1944 45 

By R. M. Brien, Mycologist, and Joan M. Dingley, Assistant Mycologist, 
Plant Diseases Division, Department of Scientific and Industrial 
Research 

[^R^ceived for pvhliration^ Ist August^ 194o] 

Summary 

(1) A series of investigations was conducted in order to establish a 
suitable technique for testing therapeutants used for protecting canvas, 
cordage, &c., against fa brie -rotting fungi. 

(2) Isolations from specimens of rotted canvas yielded a number of common 
mould fungi. From these, Sktchybotrys atra Corda, an active cellulose- 
destroying fungus, was selected as the most suitable test organism for the 
experiments. 

(3) A technique was evolved by which treated strips of canvas, both before 
and after leaching, were inoculated with S. ntra and held for three to four weeks 
under optimum conditions of temperature and moisture for growth of the test 
fungus. 

(4) Seven chemicals were tested by the above te-‘hnique for their 
efficiency as rot-proofing agents. 

(5) Results of experiments are expressed as tensile breaking load of 
test canvases in pounds. 

At the request of the New Zealand Standards Institute, a series of 
investigations w'as conducted in order to establish a suitable technique 
for testing therajieutants suggested by manufacturers for protecting canvas, 
cordage, &c., against fabric-rotting fungi. During the course of these 
investigations seven chemicals at varying concentrations were tested for 
their etliidency as rot-jiroofing agents. 

Isolation of Funoi 

To obtain a suitable test fungus for the investigations, isolations were 
made from specimens of rotted canvas obtained from the Pacific war zone, 
from New Zealand, and from specimens of new untreated material. A 
number of common mould fungi was isolated, including species Alfernaria, 
Stemphfjlium, Phoma, Penicillmm, Trichod^rma, Pleospora, Aspergillus, 
Chaefomiunt, Memnoviella, and Stachybotrgs. Inoculation tests with these 
fungi on small pieces of sterilized canvas showed that Sfachghotrgs {S. atra 
Cor(la) and MemnonieUa {M. echinuta (Riv.) Galloway) alone caused 
appreciable rotting of the fabric. Stachghot rgs was selected as being the 
more suitable test organism, owing to the jirohfic jiroduction of dark- 
coloured s})ores by which its presence on canvas was easily recognized. 

Chemicals tested 

The following chemicals were tested at varying concentrations : — 

(1) Sodium salicylanilide (Shirlan W.S.) in water. 

(2) Sodium pentachlorphenate (Santobrite) in water, 

(3) Phenyl mercuric acetate in water. 

(4) Pentachlorphenol in mineral turjientine. 

(5) Copper naphthenate in mineral turpentine. 

(6) Zinc naphthenate in mineral turpentine. 

(7) Copper oleate in mineral turpentine. 
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Technique 

In preliminary experiments, untreated strips of 12 cotton duck were 
inoculated by spraying with a spore suspension of Stachybotryfi in water, 
placed in a saturated atmosphere in glass containers, and kept for four 
weeks at 27®C. Kesults indicated that the canvas, did not absorb sufficient 
moisture from the atmosphere to support vigorous growth of the fungus 
Rnd cause subsequent rotting of fabric. It was apparent that canvas had to 
be in close contact with a wet surface in order to absorb the required amount 
of moisture. After further work the following method was evolved and used 
in all subsequent investigations. 

Strips of 12 oz. cotton duck 9 in. long by 3 in. wide, the longest side 
being cut from the warp of fabric, were sterilized by autoclaving for 
twenty minutes at 1 2 lb. pressure. Strips were then di];)ped in various 



{Photo bu L. H. Wiiffht. 

Fig. 1. — Method for incubation of test 
canvas after tying to porous field pipe. 

Untreated strip two weeks after inocula- 
tion with Stachyhotrys atm. • 

therapeutant solutions for one hour and surplus liquid rolled out of the 
fabric. They were then dried on plate glass at air temperature for twenty- 
four hours, and placed in a hot-air drier at 45°-dO°C. for four hours. 
Inoculum was prepared by washing spores from four petri-dish cultures 
of Stachybotrys and diluting in 400 ml. sterile water. This was applied to 
test canvases by means of a de Vilbiss atomizer to give complete coverage 
without run off. Following inoculation, strips were tied to sterile 4 in. 
sections of porous, earthenware field pipes 2 in, in diameter. Both pipes 
and fabric were placed in covered glass jars containing 60 ml. sterile water 
(Fig. 1) and incubated for four weeks at 27°C. A second spore inoculation 
was applied after two weeks and water replaced in jars. Finally the amount 
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of fungous growth was recorded, and samples, after drying, were sent to 
the Dominion Physical Laboratory, Wellington, for determinations of 
tensile strength. 

Results 

In Tables, I, II, and III are given results of tests with the above 
chemicals at various concentrations. Results are expressed in pounds, 
representing the mean tensile breaking load of test strips after inoculation 
and incubation. Means are based on four replicates in Table I and on eight 
replicates in Tables II and III. Concentrations refer to strengths of dipping 
solutions. 

Table I. — Effects of Treatments on Unleachbo Canvas, expressed as Breakino 

Load in PorNus 


(.'oncentratlou*^. 


Treatment. 

0 0r» per 
t‘ent. 

0 1 |>er 
t/’ent. 

0-r> j)er 
Cent. 

1- 0 per 
Cent. 

2 0 per 
(^nt. 

Sodium salicylanilide 

144 

176 

384 

331 

364 

Sodium jientachlorphenate 

314 

299 

334 

.377 

250 

Untreated canvas . . I 

315 





Untreated canvas inoculated 

i 

38 






Difference required for significance at 5 per cent, level =59. 


Table II. — Effects of Treatments on Unleached Canvas, expressed as Breakino 

Load in Pounds 


Treatment. 

Concentrations. 

0-01 per 
Cent. 

0 0r> i)er 
Cent. 

01 per 
Cent. 

0-5 per 
Cent. 

Pentachlorphenol 

112-5 

' 158 

275 

305 

Sodium peiitaohlorphenate . . . . I 

189 

312 

310 

318 

Untreated canvas 

315 




Untreated canvas inoculated 

56 

1 




Difference required for significance at 5 per cent, leveL- 12*5. 


Table III. — Effects of Metaluc .Soap Treatments on Unleached Canvas. 

EXPRESSED AS BREAKING LOAD IN POUNDS 


Concentrations as Percentage Metal in Solutions. 


Treatment. 

0*01 i>er 
Cent. 

0*0."» per 
Cent. 

01 per 
Cent. 

0*0 per 
Cent. 

1*0 per 
Cent. 

2-0 per 

1 Cent. 

Copper naphthenate 

208 

309 

1 297 

322 

342 

358 

Zino naphthenate . . 

113 

311 

301 

321 

325 

362 

Copper oleate 

-• 


' 215 

316 

323 

348 

Untreated canvas . . 

315 





. . 

Untreated canvas inoculated. . 

62 

• * 

• • 

* * 

* • 

* * 


Difference required for significance at 6 per cent, level =30*9. 
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Discussion of Results 

Results set out in Table I indicate that on unleached canvas, sodium 
salicylanilide gave protection against rotting at concentrations of 0*5 per 
cent, and upwards, although small scattered colonies of Stachybotrys were 
present on treated material up to a concentration of 1 per cent, without 
producing loss in tensile strength. Sodium pentachlorphenate was effective 
at all concentrations used in this test. From the significant loss in tensile 
strength at 2 per cent, concentration it would appear that in this instance 
slight damage to fabric had occurred following treatment. Table II shows 
that effective control of rotting by the test fungus was obtained with 
pentachlorphenol at 0*5 per cent, concentration, and with sodium penta- 
chorphenate at 0*05 per cent, and upwards. Results shown in Table III 
indicate that copper and zinc naphthenates gave effective control at 
concentrations of 0*05 per cent, metal and above, while at 0*01 ])er cent, 
concentration the former chemical was significantly more efficient. Copper 
oleate gave protection against rotting at concentrations of 0-5 per cent. 
And upwards. In the copper oleate series sparse growth of Stachybotrys 
occurred throughout, and severe bacterial staining was eWdent at con- 
centrations of 1 percent, and 2 percent,, although no loss in tensile strength 
was recorded at these concentrations. 

It will be seen from Table III that samples treated with cop})er and 
zinc naphthenates and copper oleate at a concentration of 2 per cent, show 
a significant increase in tensile strength over that of untreated uninoculated 
samples. This is possibly due to the chemicals causing increased friction 
between fibres of the material, thus preventing relative slipping when under 
test. 


Experiments with Treated Canvas subjected to Artificial Leaching 

In experiments described above, treatments were not subjected to 
weathering, and since leaching is of major importance under field conditions, 
a series of trials w^as undertaken in which treated canvas was tested after 
Artificial leaching. 


Technique 

Canvas, after chemical treatment, was leached by placing 9 in. by 3 in. 
Atrips on a wooden frame attached to a bicycle wheel, which was rotated by 
A finely atomized spray of water directed against canvases. The rate of 
flow of water was adjusted to approximately 600 ml. per minute, and the 
wheel revolved once every seven seconds. Leaching was continued over 
ten three-hour periods, the fabric being dried after each period for one and 
A half hours in a hot-air oven at 45®-“50®C. In preliminary tests, when leached 
untreated canvas was inoculated and incubated as above, little or no growth 
of Stachybotrys occurred because of leaching of nutrient from the fabric. 
Further tests were carried out by placing leached untreated canvas on top 
of canvas which had been inoculated and incubated for seven days. Aa 
in both methods growth of the test fungus and subsequent rotting were 
unsatisfactory, they were abandoned. Sterile water was replaced in the 
jars with sterile nutrient solution containing 0*5 g. KNOg, 0-1 g. KgHPO^ 
and 0^02 g. MgSO^ to 100 ml. of water. The nutrient reduced time of in- 
icubation to three weeks, and resulted in almost complete loss of tensile 
strength in untr^ateid leached canvas, owing to rapid growth of the test 
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Results 

In Tables IV and V are given results obtained with leached and 
unleached treated canvas after inoculation and three weeks incubation 
with nutrient solution. Each figure represents a mean of six replicates. 
A preliminary test with untreated uninoculated canvas showed no signifi- 
cant difference in tensile strength between leached and unleached samples. 


Table IV.— Effects ok Treatments r)N Lkaciiei) (’an\ as. expressed as Breaking Load in Pounds 


('on^•eIltratlon^. 


Treatment. 

0 D1 per 
Cent. 

|»er 

Cent. 

D 1 per 
Cent. 

1 0 ]>er 
Cent. 

21) per 
Cent. 

.1-0 per 

Cent. 

1 

1 ^ 

1 

A 

1 

! 1 

1 n leached. 

i 

1 


1 

1 

c 


£ 

£ 

A 

"c 

Leached 

i 

i 

a i 
^ 1 

Leached. 

Sodium salicylanilide 






1 


. . 1 

323 

84 

360 

169 

Sodium pentachlorphenate 







331 

130 

343 

172 


144 

Pentachlorphenol 



. . 1 




351 

182 

339 

271 

338 

347 

Phenyl mercuric acetate . . 

3.’)2 

254 

329 

285 

322 

34fi 




• 



Untreatetl unleached canvas 

3 

54 











Untreated leacheil and 
inoculated 

j 3H 

1 

i 


1 




. 





Difference r(‘quirc(l for significance at 5 per cent, level- SO-r). 


Table V.— Effects of Metallu' Soap Treatments ox Leached (’anvas, expressed as Breaking 

Load in Pocnds 


Coiicpiitratioiih IViceiitjmp Metal iii Dipping Solution'?. 


’I’leatnient . 

01 i»er Cent. 

0 .’i per Cent. 

1 0 jter cent. 

2 0 per Cent. 

3 

JS 

1 

! 1 
‘ 1 

! 

1 

5 

1 

S 

1 

1 

s 

JS 

1 

X 

o 

ee 

a> 

C 

1 

1 

Copper naphthenate . . 

363 

346 

357 

358 

325 

356 

366 

376 

Zinc naphthenate 

346 

122 

362 

279 

357 

349 

388 

' 358 

•Copper oleate . . 

230 

84 

347 

303 

353 

360 

348 

371 

Untreated unleached canvas 

351 







Untreated leached and inoculated 

38 








Difference required for significance at 5 per cent, level 41. 


Discussion of Results 

Figures set out in Table IV reveal that leaching of canvas treated with 
sodium salicylanilide and sodium pentachlorphenaU' has resulted in greatly 
increased loss of tensile strength after inoculation with Stachybotrys even 
at the highest concentration employed. With jientachlorphenol, results 
suggest that a 3 per cent, concentration would be necessary for adequate 
protection against rotting. Phenyl mercuric acetate showed significant loss 
in tensile strength at concentrations of 0‘01 per cent, and 0-05 per cent. 
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after leaching, and also a slight loss due to treatment on unleaohed samples 
at 0*1 per cent. 

Results in Table V indicate that on canvas treated with metallic soaps, 
leaching occurred to a lesser extent than with the other chemicals tested* 
In the copper naphthenate series leaching was negligible even at the lowest 
concentration employed, while in the zinc naphthenate and copper oleate 
series severe loss in tensile strength occurred on leached canvas at 0*1 per cent, 
and significant loss at 0*5 per cent, concentrations. 

Further Tests 

Further comparative experiments with Stachybotrys atm and two fabric- 
rotting test fungi obtained from the United States of America, Chaetomium 
globosum and Metarrhizium ghUinomm, are being carried out to ascertain 
their relative rotting properties and also their reaction to the rot-proofing 
chemicals under test. 
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LUMINIZING ARMY RADIO EQUIPMENT 

By J. M. C. Tinoey, Dominion Physical Laboratory, Department of Scientific 
and Industrial Research 

[Received for publication, 2nd July, 1945] 

SummaTy 

The New Zealand Ministry of Supply requested the Department of 
Scientific and Industrial Research to undertake luminous painting of meter 
scales for incorporation into radio transceivers for tropical use. Experiments 
were carried out both with activated fluorescent coated dials and those with 
radium activated paint. The latter proved simpler and more effective in 
operation, but greater consideration had to be given to staff control and 
working conditions owing to the highly toxic nature of the compounds used. 

Af^r suitable premises were established, other developments were under- 
taken utilizing similar materials. Luminous rifle sights, jungle-trail markers, 
and tuning controls were developed to the prototype stage, fully tested, and 
then complete data for their manufacture were passed on to the Ministry of 
Supply. 

c At a later stage tests were also conducted on the effectiveness of varying 

methods of tropic proofing in conjunction with the Plant Diseases Division, 
Plant Research Bureau, Department of Scientific and Industrial Research. 
Several types of fungicides were investigated. 

In eighteen months, over 400 g. of radium activated luminous powder 
were used for the treatment of fourteen thousand milliameter dials. Routine 
testing of dig! painters showed that the close contact with this highly radio- 
active material had not affected any to a measurable degree. 

^ Eeasons fob Establishment 

It, was decided in 1943 that in future all field radio equipment must have 
vital controls painted with luminous or fluorescent compounds for night- 
yisibility. « 
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At the time, The Radio Production Department of the Ministry of 
Supply, was organizing the manufacture of radio equipment for the Forces 
in Burma. The ZCI, Mk. I, transceiver was the essential part of this pro- 
gramme. About the end of 1943 an improved model, the Mk. II, was in the 
prototype stage, and the author was asked to investigate the supply of 
luminous materials and their application to the meter and tuning controls 
of this set. After experiments with the fluorescent and phosphorescent 
compounds available locally, it was decided that only self-luminous paint, 
activated with radium or meaothorium, would be reliable in the tropics. 

An order was immediately placed in the United States for a quantity 
of radium activated compound, together with the necessary mixing media 
and application equipment for all types of work. Steps were then taken 
to facilitate erection of premises for .storage and ap})lication of the com- 
pound and at the same time to investigate the position in regard to painting 
staff. 


Choice of Location 

As a large part of the final assembly of ZCI sets was done in Auckland 
it was considered that this city would be the logical place for handling the 
work. However, as the Dominion Physical Laboratory at Lower Hutt had 
large grounds where jireinises could be erected at a safe distance from well- 
organized w^orksho})s and laboratories, this site was chosen. It proved a 
wise choice later, as it would have been impossible, without the resources 
of this Department, to erect jiremises elsew’^here so quickly or generally to 
facilitate the work. The author was then seconded to the staff of this 
organization. Members of the Dominion Physical Laboratory executive 
staff soon arranged for erection of premises, and in two 'weeks after choosing 
the site in December, 1943, the first liuildings were ready to receive the 
radium compound for storage. 

Type of Buildings chosen 

Prefabricated Army huts 20 ft, long by 8 ft. wide were chosen as being 
most suitable. When their use was over, they could be easily moved or 
destroyed, if contaminated. Three such huts were obtained with two 
smaller structures built in close proximity. The three 20 ft. by 8 ft. huts 
wen^ fitted out as follows : — 

Hut No. I was lined with three-ply board heavily coated with cream 
Dulux. The floor was covered with linoleum sealed at the joints and to the 
base of the wails. Lighting was flush 'with, and concealed above, the ceiling. 
Five feet of floor space were walled off to give a porch for washing and clothes 
storage. Two ventilated plate-glass painting cabinets and one large drying 
cabinet were installed in the working space of this hut. Cabinet supports 
and chairs were of chrome-plated steel tubing, and all equipment was 
constructed in accordance with latest overseas practice. 

Hut No. 2 was lined out with Pinex wailboard also coated with cream 
Dulux, and was covered 4 ft. up from the floor with a layer of white Sanitas 
cloth for easy cleaning. A small administrative office was walled off 5 ft. 
from the end of this hut. The floor was covered with linoleum and sealed 
as in Hut 1. A black vitrolite ” work bench supported by detachable 
chrome plated supports was placed along one wall of the work-room. Chairs 
were similar to those in Hut 1. Low- voltage fluorescent light fittings were 
installed suspended from the ceiling by movable cords. They could be 
jpaised flush w4th the roof or lowered to within 18 in. of the work-bench. 
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Hut No. 3 was lined to half its length. The Pinex-lined portion was 
used for ‘‘ tropic-proofing ” of meters, while the unlined part had benches 
and shelves for use as a store and packing room. A large steel vacuum 
cabinet was installed in the tropic proofing room as well as a ZCI, Mk. 11^ 
transceiver for testing meters under service conditions. Other electrical 
testing equipment was also kept in this hut away from possible dust 
contamination. 



IPio. 1. — Ventilated painting cabinet in painting hut, showing waste receptacle, meter 
dials after painting, and painting equipment. 


The paint storage hut was 8 ft. long by 6 ft. wide, lined with Dulux* 
coated ply-wood and -built at a safe distance from the nearest working- 
room. The floor was of smooth concrete “ coved into the base of the 
walls and sloped down to one corner for drainage. A copper pipe drilled 
for water spray was carried round the bottom of the walls, 6 in. above the 
ifccfr. The'^ valve controlling the flow of water was outside. The hut did 
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not have windows. A 150- watt filtered ultra-violet lamp and a normal 
filament lamp were recessed into the centre of the ceiling. Supported on a 
stout concrete pillar 4 ft. from the centre of the floor was a radium storage 
safe with 2 in. walls of welded steel. The door had a rubber seal which 
prevented escape of radon gas when not in use. When the door of the 
room was opened a switch connected to a suction fan outside caused a 
current of air to be drawn through the safe. 

There was a small dressing-room offset from Huts 1 and 2 which contained 
a hand basin with hot and cold water connected. Clothes-racks were made 
for street clothes, and a toilet was built off it with an inside connecting 
door. 


Installation of Equipment 

The Main Ventilation Syfftem . — The huts used for luminous painting 
and adjustment of meters, as well as the paint storage hut and dressing- 
room, were heavily ventilated by air sucked outwards. A large suction 
fan capable of removing 6,000 cubic feet of air per minute was housed 30 ft. 
behind the buildings. Large ducts led from the fan-house to exits flush 
in the walls and directly in front of all working positions. Smaller ducts 
removed air from the painting cabinets, above the hand basins and from 
the drying cabinet. Ingress of air was made through large ducts into each 
hut placed in positions to reduce direct draughts. They were heated in 
winter. In all cases the air-flow velocity and volume were measured, and 
after calculation found to be 200 per cent, greater than required for minimum 
safety of operators. 

The exit of air at the fan-base was over a large revetted pit 6 ft. in diameter 
and depth. A baffle was attached to the air exit, which was controlled 
normally by a cable led up to the entrance of the huts. The fan ran con- 
tinuously night and day so that no compound could be blown back into 
the work places when the staff was absent. 

Equipment for Painting . — All radium compound was mixed into paint 
in the paint-storage room over the wet concrete floor. Palettes were made 
from 3 in. plano-convex lenses with J in. holes bored into the tops of the 
convex curvatures. 

The powder was sent into the painting hut combined with varnish 
only. It was thinned as required, when painting was in progress. As all 
mixing of dry powder was done mider filtered ultra-violet light there was 
little likelihood of dry compound being dispersed into the painting hut, 
or its surroundings. 

Paint was applied to equipment with wooden meat-skewers impregnated 
with phenolic resin. They were cheap and were disposed of without cleaning 
after each working period. 

Rubbish Containers . — Used paper towels, paint applicators, and all 
refuse were placed in paper bags for disposal. The open bags were mounted 
in wire frames supported by uprights from a circular wire base. These 
refuse bags were burnt daily at the back of the compound, the ash being 
damped down and placed in drums for disposal. 

Health Precautions followed 

All processes involving hazards were studied by Dr. E. R. Cooper, the 
Director of the Dominion Physical Laboratory, and Dr. Bastings in con- 
junction wiith the author, and approved by tjie Department of Health. 


7~Selence. 
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The routine finally evolved was as follows ; — 

(1) Surgeon^s gowns were donned for all work in connection with 
luminous compounds, and all personal jewellery, watches, and ornaments 
were placed in a cupboard. Operators hung their gowns in specially marked 
cupboards in the porch when leaving for meals or visiting the laboratory, 
and on returning donned fresh gowns from other cupboardSj.^ 

At the end of work periods or when leaving the painting hut for any 
reason, the operator had to wash the hands and have them examined under 
ultra*violet light for traces of compound. Should washing with soap and 
water not be effective, use was made of a special hand cleaning solvent. 
This was not used indiscriminately however, owing to the danger of causing 
dermatitis. 

(2) Vitrolite work benches and shelves were cleaned every day with 
damp paper towels. Floors were mopped daily with damp mops and cleaned 
weekly with copious quantities of warm water. Once a week all benches 
and chairs were dismantled, taken outside, and hosed down. 

(3) At regular intervals during the week a portable ultra-violet lamp 
was carried round all working positions, wash basins, and painting cabinets. 
Minute particles of dry compound or paint spots were easily visible by their 
intense fluorescence, and these inspections showed where any accumulation 
of radio-active material had taken place. The particles were then removed 
with damp paper towels. 

Health Tests of Operators , — During the first eight months of operation, 
blood counts of all operators were taken monthly. This procedure was 
discontinued when apparatus was made available in the Travis Radio- 
Physics Laboratory for accurate measuring of the radon content of operators’ 
breath. Litre breath samples were sent monthly to the Christchurch 
‘Laboratory with the help of Dr, Bastings and Mr. 6. E. Roth. In no case 
did the fixed radium burden, calculated on exhaled radon, exceed the 
minimum safe tolerance of 0-1 microgram per person. 

At the completion of twelve months’ work operators in close association 
with radio-active material were given a holiday of four weeks. Whenever 
the weather permitted, assembly yrork was carried out in the open air in a 
sheltered sunny position. 

Production Work carried out from January, 1943, to June, 1945 

Luminizing Meter Scales , — Painting meter pointers and scales of the 
first 10,000 meters, required greater care and precision than the later 
contract of 4,000. The moving coils of all meters in the first contract had 
to be, re-adjusted for balance owing to the additional weight of paint on the 
system. , This was tedious and exacting work. At the beginning over 
JO per cent, had to be rejected, but six months later only 4 per cent, were 
lost. 

After painting, rebalancing and testing, they were given a flash dip of 
hot ceri^ wax to prevent damage by humidity later. 

When tie last 4,000 were luminized it was decided that recalibration 
from micro-ammeters to milliameters should also be done by the luminizing 
section. This necessitated the iAmSkig and incorporation of 4,000 constantan 
resistances for shunts* ^Soldering them in place and final calibration was 
also a rather tedious task, but was accomplished ahead of sch^ule* 

, ^ The chief difficulties in the manufacture and calibration of shunt resistors 
was shortage off man-power and lack of jig^ and calibration set-up. Wherever 
cuts could be jfound they were put into use immediately. 
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The constantan resistance wire was wound on a large wooden mandrel, 
the circumference of which was the exact length of the resistance. A 
y slot was made along the length of the wooden cylinder, and when the 



requisite number of turns was cut they produced pieces of wire of exact 
length. Over fifteen hundred lengths were cleaned, tinned, and cut per 
hour by this method. Variation of ^ in. in the length would have made 
the wire pieees uneuitable for resistances. ' 
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^mimuB Trail-markers, — A sample marker was obtained from the 
American manufacturers in 1943. On investigation it was found that 
supplies of a modified type could not be obtained in time for the landings 
of New Zealand Forces in the Pacific Islands. When the sample was analysed 
for production locally, immediate steps were taken to produce 500 of the 
modified type. 

The marker consisted essentially of the following parts : — 

(1) A metal capsule with turned up lip : 

(2) A concavo-convex methacrylate perspex moulded bulls-eye,” 

coated on the inside with a thick layer of self-luminous paint 
and sealed behind with a celluloid cap : 

(3) The luminous capsule was then inserted in the metal backing and 

the whole placed in a steel jig to turn down the metal lip and 
seal in place : 

(4) The edges were sealed with Glyptal varnish to prevent moisture 

penetration. 

At a later stage in the war similar types of luminous markers were used 
with success in the night landings on the beaches of Normandy. 
Combinations of markers in prearranged figures conveyed information to 
the atiackers without being visible to the enemy. 

Devdopment of Luminous RiJIe-stghts. — These consisted of fore and 
back sight attachments containing small luminous capillary tubes tunnelled 
inside. There were visible to the marksman, but not to the enemy. 

At first, small painted strips of luminous material were applied to the 
fore ^Cnd back sights of standard rifles. These were tested on the rifle range 
at a New Zealand Army training establishment by qualified riflemen. 
Various backgrounds, degrees of visibility, and other factors were studied 
and tabulated. When it was definitely established that such a device 
could make for aiming improvement in half-lights, the project was continued. 

With the help of small-arms specialists for testing and criticism at each 
stage, suitable attachments were developed, tested, and produced to the 
prototype stage. Blue prints aqd samples were then passed on to the Army 
authorities. 

Luminous Radio Dials, — As over twenty thousand radio dials required 
to be painted with luminous compound, it was suggested that experiments 
should be made to find an easier method than the conventional hand painting 
of figures and graduations, which would require more than 10,000 man-hours. 
Experiments in moulding dial plates with clear plastic were commenced. 
The graduations and figures were raised on the back portion of the dial 
mxid coated with black ink. Behind them and attached to the steel panels 
were small polystryrene windows, each containing a sealed layer of radio- 
active paint on its reverse side. 

On turning the dial in the dark, figures and graduations could be easily 
read in front of the luminous area. The black cursor on this window uvas 
lined up with the normal one used for daylight sending. 

This method proved very uselhl in making dial markings visible on small, 
light-weight battery dperated transceivers, where the saving of several 
milliamps current for dial-lamp operation was extremely valuable. 

This method of luminiring tuning dials required no tedious hard work. 
, Samples aqd the prints were forwarded to the Ministry of Supply, and to 
'jayerseas signal development authqritieB for manufacture /and incorporation. 
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Tropic Proofing of Meter s — In common with all other components of 
the ZCI, Mk II, wireless set, it was decided that meters should receive 
attention for later effects of tropical humidity 

At first the joint between the bakelite backing and the case was sealed 
with Glyptal ])igment(Ml varnish Owing to the adhesion of the seal, future 
opening of meters became impossible, so wax was tried It was found, 
from watching moisture indicator strips inside the meters, that the wax 
covering gd\e much better protection fiom moisture absorption through 
the pores of the bakelite case Comparative tests by this method were made 
with Glyptal sealing of all openings, complete covering by varnish and total 
immersion in wax Meters were tested in high humidity conditions and 



weighed before and after for increase in weight by absorbed moisture As 
the wax dipping process left no doubt as to efficiency, this method was 
adopted for 12,000 meters 

Waxfiungtctde Test^ — When wax impregnation was being tested, small 
samples were impregnated with varying percentages of Shirlan Santo brite, 
and other reputable fungicides These samples, along with controls, were 
forwarded to the Plant Diseases Division, Plant Research Bureau, Depart- 
ment of Scientifio and Industrial Research, Auckland, for culture of fungi 
as found in the tropics It was shown conclusively that the wax itself would 
not support fungal growth, but should colonies become established of their 
own accord, 0-5 per cent concentration of Shirlan would prevent further 
growth Reports of these tests were disseminated to radio manufacturers 
through the Radio Controller 
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Conclusion 

Although no fundamental changes were made in the methods of 
application and use of radio-active luminous materials, it was shown that 
by accurate scientific control and method, results equal to overseas practice 
could be obtained in New Zealand. As the whole programme was of high 
priority, every endeavour was made to facilitate production, and many 
hours of overtime were worked. Comfortable surroundings, even if of a 
temporary nature, had definite effects on working speed. As extreme 
caution, method, and cleanliness had to be practiced for health reasons, 
this no doubt reacted beneficially in the general quality of the work. After 
the initial period, few rejections were made on the manufacturers’ assembly 
lines. 

Complete co-operation with the Department of Health with regard to 
operating conditions, and welfare of employees was maintained at all times. 
No project involving the use of such quantities of unfixed radio-active 
material had been undertaken before in New Zealand, but it is obvious 
from the health records of operators that the precautions were effective. 

With the importance of radio-active materials becoming so general in 
matters of warfare, the operating conditions of this project may be of value 
in the future should further urgent production work be undertaken in New 
Zealand at any time. 
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RADON MICRO DETERMINATION BY THE CURTISS- 
DAVIS a-PARTICLE COUNTING METHOD 

By G. E. Roth, Dominion X Ray and Radium Laboratory, Canterbury 

University College 

{Received for publication, 20th Avgust, 194)} 

Summary 

ModiRcations of the design and of the routine operation of a radon micro 
determination equipment, based on the (hirtiss-Davis a-particlo counting 
method, are described. 

When large numbers of dials and indicators for the Armed Forces in the 
Pacific had to be marked with radioactive luminous paint it became 
necessary to ensure the safety of the workers engaged in the luminizing 
process. Elaborate preventive and diagnostic measures were adopted, 
which are being described elsewhere. The present j)aper deals only with 
the equipment used for the routine examination of the exhaled breath of 
the “ luminizers ” for its content of radon gas. The aim of these examina- 
tions is the detection of ingested or inhaled radium at the earliest possible 
moment. Since the safe limit of radon contained in one litre of exhaled 
breath under certain sampling conditions has been set at 10— curies 
of radon(l, 2, 3), occupying less than 10—^^ cu. mm. and weighing 
6*5x10— ^^g. a micromethod of radon determination had to be used. 

A survey of the recent literature on such methods (4, 5, 6, 7, 8, 9, 10, 
11, 12, 13) and on the evaluation of the radium content of the human body 
from combined radon- and y-ray nieasurement8(2, 3, 14, 15) led to the 
adoption of a counting method first proposed by Curtiss and Davis{13). 
A plant based on the Curtiss-Davis principle was designed and set up at 
the Dominion X Ray and Radium Laboratory at Canterbury University 
College, Christchurch (see Figs. 1, 2, 3, and 4). 

In the course of the design, test, and routine operation of this plant it 
was found necessary to depart from the originally described equipment, 
both in the chemical and the electronic sections of the plant. Some 
modification of the routine procedure for the measurement had also to be 
made. The following notes are confined to a description of the modifications 
of the equipment originally given in Curtiss* and Davis’ paper, and only 
desi^ data not previously published will be given. 

The present equipment can be used for the measurement of radon from 
either gaseous, liquid, or solid samples. The provision of three reflux 
coolers and liquid sample flasks (Sj, Sj, Bg on Fig. 1) allows for the ready 
use of one or two standard Ra-solutions, while the flasks and reflux coolers 
not permanently used for standardization are available for liquid samples 
or for solid — rock — samples treated by the carbonate fusion method. 
This arrangement makes it possible to use the present plant without any 
alteration for a planned survey of the radioactivity of New Zealand waters, 
while at the same time allowing its use in conjunction with a direct fusion 
furnace(4) which can be connected at 2 instead of the breath -sample 
flask U as shown in Fig. 1. The five Ra-standard-solutions used contain 
10— 10— 10—^^ curies per millilitre respectively, 


8 * 
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and were prepared by progressive dilution of a United States Bureau of 
Standards liquid Ra-standard containing 0-1 ftg. of Ra, using the fiaslffl 
visible beneath the reflux coolers and nitrogen and water distribution 
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The furnace, drying tubes, and manometer. Below the furnace: 
temperature regulator and galvanometer for thermo couple. Centre : breath 
wm{>le fissk. Sight : SI, S2, 83 with their reflux-coolers, the water and nitrosen 
distribution hues. Tn the background : Some of the radium standards-containers.' 

Ro. 3.--Prom 1^ to right : Periodic cut-out, pulse-shunter, amplifier 2, power-sunnlv 
soalerj^phfier 1 (partly hidden behind the breath sample flask), the ionizatim 
chambers, vacuum-pump, D5, and hydrogen-cylinder, 

Fig, 4.-— Printbmeter, oscilloscope, and output-stage. » 
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‘a convenient and very fine adjustment of the rate of flow of the tank- 
nitrogen used for carrying the radon into the ionization chambers is made 
possible by using a diflFerential rate of flow and pressure indicator, consisting 
of Ni, Ng, N 3 , connected to the nitrogen supply line from the tank at 1 
(in Fig. 1 , bottom). 

It was found that, in addition to the original two drying tubes, provision 
for the removal of CO 2 and for further drying of the gas had to be made if 
the plant was to be used for daily routine work. The drying tubes 
(diameter 30 mm., length between intake and outlet about 25 cm.) are 
filled as follows : with CaClj ; Oj with indicating silica gel, ; D., with 

“Sofnolite” (an indicating CO 2 absorber); D 4 with P 2 O 5 . The arrange- 
ment of the drying tubes in pairs behind each other on the mounting rack is 
shown in Fig. 2 . 


The two ionization-chambers, I and II, shown in Fig. 3 are provided 
to enable continuous operation of the plant and can be connected alterna- 
tively to D 4 by Tg. One of the ionization-chambers was made of copper, 
the other of steel. The background counts of the two chambers were 198 
and 132 counts per hour respectively. Polystyrene was used as insulation 
throughout, and the intake and outlet glass-tubes were sealed to the meta 
chambers by Plicene cement. The chamber- voltage was set to 800 volts 
and was found to be not critical. While ojKjrating the plant with its two 
ionization-chambers and various input tubes to amplifier 1 , 
spurious pulses of reversed polarity were observed. Careful 
attention to the insulation of the ionization-chambers, 
and judicious selection of the input-tube (a “ Philco 
type 38 tube is being used) eliminated this effect. 

042 _ The following observations were made regarding the 

O routine procedure for the operation of the plant. When- 

039 ever the plant had been idle for any length of time 


043 
031 ^ 


052^10 AM 

0 30 ^ 


(exceeding, say, one day) it was found necessary to discard 
one nitrogen (background) filling in order to make sure 
that radon, accumulated within the system over the 


o 

051 

035 ^9 AM 
029 


consideraWe amount of drying agents and copper, was 
completely removed. Before adopting this procedure the 
background counts were found to vary considerably, in 
some proportion with the time elapsed between successive 
fillings. It was also found that the copper used for filling 
the furnace tube C (short lengths of hard drawn wire, 
about in. long) required hydrogenation at intervals 


031 


O 


considerably shorter than indicated by Curtiss and Davis. 
In the design of the electronic part of the equipment 


036 


it was possible to replace the original traffic-recorder and 


035 8 AM 

033 ^ 

037© 

041 

029^7 AM 

0 32 


the Strobotron output stage by a printometer and a 
conventional output power stage. The traffic-recorder, 
although printing the total number of counts at hourly 
intervals, continues adding these numbers. The hourly 
number of counts has therefore to be found as the 
difference of two successive numbers printed on the 
recording tape. The printometer used with the present 
equipment resets itself automatically to zero after printing 
at predetermined intervals the number of pulses during 
each of these intervals. A record of the background count. 


Pio. 5 ._Qu|||ter- printed at quarter-hourly intervals, is shown in Fig, 5. 
hourly records The complete circuit diagram of the electronic part of 
: cfUchgro^d- equipment is given in Fig. 6 omitting only the 
* oonventiopiil parts of the circuit — i.e,, the power supplies. 
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the oscilloscope, the “ scaler,’* and amplifier 1, which is based on Waddeirs(16) 
original circuit. It was found that the lack of feedback-stabilization in the first 
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The circuit diagram of Fig. 6^ read together with the block diagram 
on Fig. 1, shows that the output of amplifier 1 is fed to the oscilloscope 
and to amplifier 2. Adjustment of the cathode resistance of the input 
stage of amplifier 2 enables a close and accurately reproducible discrimina- 
tion between the noise level and the smallest pulse size admitted to the 
successive amplifier stages. The output of amplifier 2 can be fed through 
switch 8i either directly or through a scaler ’’ to the “ pulse-shunting 
stage. 

The “ scaler ” consists of a variable number of identical, series- 
connected “ scale-of-two ” units. Any group of “ scale-of-two units, 
in any required number, can be used in this stage. The “ scaler ’’ used in 
the present equipment (four units of which are shown in Fig. 3) is basically 
similar to the “ pulse-shunter ’’ circuit. 

The mechanical construction of the printometer requires that successive 
pulses must be fed alternatively to two different counting coils. It was 
therefore necessary to provide a stage which will shunt successive 
pulses into two separate output amplifiers. One type 6N7 tube has been 
found fully adequate for the output stage, actuating the printometer 
counting coils through the relays Rj and Rg (STC relay, BPO *3000 type). 
The printing and resetting coils of the printometer can be connected with 
Sa either to a synchronous clock, closing the printing circuit momentarily 
at preset intervals, or to a periodic cut-out ” stage consisting of one type 
42 tube, one AC relay R^ and two relays R., and R^ (STC, BPO *3000 type). 
This periodic cut-out stage had to be provided because a 6 kW. pulse- 
transmitter was housed in the same building. Its aerial system had to be 
in close proximity (within less than 10 ft.) of the ionization-chambers and 
amplifier 1. Although the greatest care was taken to shield completely 
the chambers and amplifier 1, the ionosphere transmitter caused spurious 
pulses in the present unit. Since a time-switch of the synchronous clock- 
type put this transmitter “ on the air ” every 30 minutes for 170 seconds, 
the periodic cut-out is arranged in such a way that an AC relay closes when 
HT is applied to the transmitter. This causes the relay R^ first to increase 
the bias on the input tube of amplifier 2 far beyond cut-off, while at the 
same time putting a negative pulse on the grid of the 42-tube. One hundred 
and seventy seconds later, when the pulse transmitter stops operations, 
Rg opens, R^ restores the normal working bias of the 6F5 tube, and a 
positive pulse is applied to the grid of the 42 tube, thereby momentarily 
closing relay Rg and actuating the printing and resetting coils. The hourly 
nifhiber of counts is corrected for the counting time lost through the 
“ periodic cut-out.” 

The entire plant as shown in Figs. 2, 3, and 4 has been mounted along 
the walls of a room 8Jft. by 9 ft. Authorization for the construction of 
the equipment was given by the Assistant Director of Scientific Develop- 
qients on 3rd July, 1944, and the first determinations were made on 15th 
^ptember, 1944. The plant was used for the regular, periodic routine 
examinations of the entire staff of the luminizing department of the 
Dominion Physical Laboratory, and for the sporadic examination of four 
luminizers working for the B.N.Z.A.F. The examinations proved that the 
protective measures recommended for luminizing work in New Zealand 
were wholly successful in that all the workers examined at the end of their 
employment remained .well within the tolerance limit for ingested and 
inhaled radium. 
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OXFORD CHALK 

By H. W. Wellman, New Zealand Geological Survey, DepartmcMit of 
Scientific and Industrial Research, Greymouth 

\ Received for publication 11th July, 1945] 

Introduction 

The Oxford chalk is a soft, fine-grained limestone, the best of which is 
almost white in colour.* The chalk has a variety of uses, and is at })rescnt 
being worked by the Austin Chalk Co., of Christchurch. The special value 
of the material li(?s in its softness, in which It is similar to the English chalk 
and very different from most of the New Zealand limestones, which are 
usually recalcifiod and much harder. 

Location 

The Oxford chalk pits are about ten miles west of Oxford township, 
thirty miles north-west of Christchurch, and on the west sid(» of White 
Creek, a tributary of the Eyre River. The chalk was first trucked direct 
to Christchurch, but is now trucked to Sheffield, ten miles to the south, 
and is then railed to Christchurch (Fig. 1). 

♦Library reference facilities were not available to the writer at Greymouth 
Previoga ^geolpgical work could not be reviewed. 
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Geology 

An escarpment about 500 ft, in height extends for about a mile along 
the west side of White Creek from the junction of this stream with the south 
branch of Eyre Eiver. The escarpment is controlled by a thick flow of 
basalt, which dips west under the gravels of the Canterbury Plains. The 
chalk outcrops along the face of this escarpment and is well exposed in 
three quarries. Only the largest quarry is at present worked. The figure 
(Fig. 2) shows the section exposed there. 

The 3 ft. band of flint was sampled (K. 1221--3), but appears to be too 
impure to have economic importance. The upper part of the chalk 
(K. 1221-2) is impure and contains numerous glauconite-filled borings ; 



the lower part (K. 1221-3) is homogeneous and appears to be of even grade. 
No bedding planes are visible, and quarrying is partly controlled by strong 
regular vertical joints which strike along the face of the escarpment. 

In the large quarry the overburden at the sides is less than 3 ft. thick, 
but the thickness increases towards the back of the quarry to over 30 ft. 
As the beds dip west under the basalt the quarry cannot be economically 
extended any farther back, and will have to be extended laterally either 
to the north or south. The extension of the chalk in both of these directions 
is proved by the old quarries, both of which show little overburden in the 
front. There is little doubt that several hundred thousand tons of easily 
worked chalk are available. 

The bed immediately beneath the floor of the quarry is not exposed,, 
but glauconitic quartz sandstone crops out about 20 ft. below the floor 
most northerly of the quarries, and it is probable that this forms- 
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the floor of the pits and that it extends down to stream-level, where similar 
material is exposed at several places. The beds below this sandstone were 
not seen, and it is probable that greywacke underlies it at no great depth. 








/oo'c 

Basalt 

K. 1221 -3 


is' 

Light brown soft quartz sand 
Impure flint 

r" ' 

2 6 


1 f 

20' 

Cha/h with glauconite ’Ifl/ed borings. 

K. 1221 -2 


K. 1221-1 


20 

Floor Fjf 

Chalk 

Glauconitic sand with large borings. 




? 

zsd 

Glauconitic sandstone 
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Appendix 

Laboratory Investigations 

By L. R. L. Bonn, J. J. 8. Cornes, and G. L. Dean, Dominion Laboratory, Department 
of Scientific and Industrial Research 

Oxford Chalk and Flint 

K. 1221-1, G,S. : Lower homogeneous chalk. 

- 2 , G.S. : Upper more impure. 

- 3 , G.S. : Impure flint. 


Analyses, per Cent. 

K. 1221 - 1 , 

-2, 

-;i. 

SiOa 

15*93 

22 .52 

76-52 

AlgOa 

3*93 

4*23 

7*14 

le 2O 3 

0*91 

1*13 

1*68 

MgO 

0*48 

0*52 

0*76 

CaO 

41*37 

36*96 

2*33 

NajO 

0*17 

0*17 

0*10 

KaO 

0*60 

0*70 

0*70 

TiOj 

0*18 

0*18 

0*25 

COa 

33*02 

29*61 


H.O+ 

1*83 

1*96 

4-97* 

HgO- 

1*00 

1*06 

6*03 


99*42 

99*04 

100*48 


• Includes some CO 



Oxford Flint 


— 

K. 1221-:i. 

Kaeo Flint. 



Per Cent. 

Per Cent. 

Soluble in caustic potash . . I 

88 

35 

Specific gravity . 

.. i 

1 

2*3 

2*6 


The material appears to be an impure opal or siliceous sinter and not a true flint. 
It burns reddish, and would therefore be valueless for ceramic purposes. Kaeo flint, 
on the other hand, burns quite wliite, and should be a valuable flint substitute. 





156 


N,Z. iJauBNAL OF Science and Technology 


[Sept. 


FLINT, KAIKOURA 

By H. W. Wellman, New Zealand Geological Survey, Department of 
Scientific and Industrial Researclj 

[Received for pnUication^ 11th July^ 19iS\ 

Fli^^t occurs in the railway cutting west of Mororimu Creek, a small stream 
entering the sea twenty miles north-east from Kaikoura. The band of 
Amuri Limestone that extends northward from the coast at Mororimu 
and crosses Clarence River about five miles above its mouth was examined 
at the coast and at several points where crossed by small north-flowing 
tributaries of the Clarence. The flint band is in the lower part of the 
limestone and is generally of poor grade. Inland the best material seen is 
exposed in a vertical face of about 10 ft., about 20 chains up Stewart Creek 
from the road along the south side of the Clarence, which Stewart Creek 
enters about three miles from the sea. 

Fair-grade material occurs at the coast at Mororimu, where 2 ft. 
ellipsoidal masses of light-coloured flint are contained in a band of siliceous 
limestone. The total amount of flint of this kind that could be obtained 
at a reasonable cost is only a few tons. A 10 ft. outcrop of dark flint is 
exposed at the extreme south-west end of the beach (see figure). 

A special look-out was kept for boulders of flint on the beach, for it 
was hoped that waterworn, naturally cleaned flint might be obtainable. 
Such material occurs only in very small quantities, for the high-grade rock 
is finely jointed and does not withstand wave action. Hornstone is jirobably 
a more correct name than flint for the siliceous rock. The most resistant 
material is the highly siliceous limestone, which contains far too much 
lime to be of value. 

The northern end of Kaikoura Peninsula was also examined, but the 
flint seen there was of lower grade than that at Mororimu. 

In 1935 Mr. L, R. L, Dunn, of the Dominion Laboratory, made an 
analysis of high-grade flint collected by Mr. H. E. Fyfe from the railway 
cutting 2 chains west of Mororimu Stream. Flint from South Australia 
used by potters in Australia was examined at the same time. The following 
are the results : — 


SiUca (8iOjj) 

Mororimu. 
.. 97-64 

South Australia. 
95*95 

Alumina (AlgO 3) .. 

.. 0-62 

0-28 

Ferric oxide (Fe ,0 3) 

.. 0-19 

0-11 

Lime (CaO) 

.. Nil 

0-91 

Magnesia (MgO) . . 

.. Nil 

Nil 

Water (combined and organic matter) 

.. 1*12 

1-99 

Water (lost at 100 °) 

.. 0-28 

99-66 

0-37 

99-61 


The Dominion Analyst (Mr. W. Donovan) noted (Lab. Memo., 8th 
October, 1935) that the fracture obtained when the Mororimu sample was 
crushed was distinctly splintery, And definite cleavage planes appeared to 
be present. The Australian flint was compact and showed the conchoidal 
fracture typical of flint. Upon Eftrong ignition of the powdered samples 
the Mororimu ihaterial yielded a dull white product and the Australian. 
:,|i, pure white. ^ ^ 
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He remarked that the New Zealand sample “ contains a slightly higher 
<iontent of iron oxide than the Australian, but in other respects compares 
favourably with the latter as regards chemical purity. The Australian 
flint contains a small amount of calcium carbonate, but the latter commonly 
occurs in association with flint and is not considered as an impurity. 


Scale oF Ctiaifts 


10 8 6 4 2 



Sketch Plan of 
Mororimu 
h IjMarlhorougli 
S.D. 

'e'Band qf good flint 
loBand qfvery siliceous 
limestone with 
\z' Bllijosoids of light flint 


“ The fact that the Australian flint burns to a purer white than the 
New iSealand is due partly to the fact that it contains less iron compounds, 
but the effect of the calcium carbonate in neutralizing the colour produced 
by iron is probably the chief factor. 

“ Provided the deposit at Mororimu is sufficiently extensive, and equal 
in average composition to the sample submitted, it should be suitable as 
an ingredient for the manufacture of pottery. 

“ Owing to its splintery nature, it would not be suitable for use in ball 
mills for grinding operations.” 


HEAT-EVOLUTION CHARACTERISTICS OF NEW 
ZEALAND PORTLAND CEMENTS 

By L. R. L. Dunn and F. T. Seel ye. Dominion Laboratory, Department 
of Scientific and Industrial Research 

[Heceived for publication, 25th June, 1945] 

Summary 

In this paper results are recorded of a detailed analytical survey of the 
three brands of normal Portland cement manufactured in New Zealand. By 
applying to these results methods made possible by recent advances in the 
chemistry and technology of Portland cement clinker, the authors have been 
able to classify local cements with regard to heat-evolution characteristics. The 
high quality of all three cements has been confirmed. 

Introduction 

In connection with the programme planned for further development of 
water-power in New Zealand, concrete is perhaps the most important 
constructional material that will be used. Engineers responsible for the 
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building of large dams are vitally interested in the quality of the cements 
available, and by means of regular strength tests keep a close check on all 
concrete being used. In the past in New Zealand the examination of cement 
by the chemist has usually been confined to a listing of oxide compositions 
in order to ensure that the chemical requirements of British Standard 
Specifications were being complied with. 

Though such a method is useful, the chemical nature of a cement is 
not defined by stating its oxide composition. It is now recognized that the 
properties of cement are dependent upon the relative proportions of the 
true compounds present. During the last twenty years there has been an 
extraordinary amount of research by methods of high-temperature phase 
equilibria, especially by Rankin and Wright(l) at the Bureau of Standards, 
who worked out the system CaO-AlgOa-SiOg. This was later extended by 
Lea and Parker( 2 ) to include FegOg, thus covering the main cement 
compounds. 

It is now generally agreed that cement clinker contains six phases : — 

(1) Tricalcium silicate : SCaO’SiOa. Abbreviation, C 3 S. 

(2) Tricalcium aluminate : SCaO-AlgOg. Abbreviation, C3A. 

(3) Tetracalcium aluminoferrite : 4CaO • A1 2 0 3 * Fe 2 0 3 . Abbreviation, 

C 4 AF. 

(4) Dicalcium silicate : 2 Ca 0 *Si 02 . Abbreviation, C 2 S. 

(5) Free lime : CaO. 

( 6 ) Periclase magnesia : MgO, 

These compounds have all been artificially made, their optical properties 
are known, their heats of hydration have been measured, their x-ray 
diffraction patterns charted, and their reaction-products with water 
ascertained. A modern cement analysis is incomplete unless it includes a 
statement of the compounds present. 

There are two main methods of determining the proportions of these 
compounds : — 

( 1 ) Accurate chemical analysis and calculation of compounds according 

to a procedure worked out by Bogue(3). 

( 2 ) Examination of polished and etched specimens of Portland-cement 

clinker according to methods described by Insley and others( 4 ). 
The proportions of the constituents can be determined with an 
accuracy of the same order as is obtained by the chemical method, 
provided the difficult technique is mastered. 

These modem concepts of cement chemistry have been applied to concrete 
practice in many directions, but more especially to the study of the heat- 
evolution which occurs in large masses of concrete such as dams. 

' Concrete, like most other materials, has a coefficient of-thermal expansion, 
and as the concrete cools from the high temperature developed during 
setting and early hardening, shrinkage takes place and serious cracking 
may occur. There are many ways of avoiding such troubles — e,g,, use of 
elaborate cooling systems as in the construction of the Boulder Dam ; use 
of leaner mixtures ; use of Portland^pozzolanic cement ; or of cement less 
finely ground than usual. 

In the United States, Sweden, and even in Australia, special grades 
of, low-heat Portland cement are made. This is done by adjusting the 
cotnposition of the mix to give as low as possible a proportion of C 3 A in 
the cement, and a high proportion of CgS. 
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Theoretically it would be possible to produce a cement consisting entirely 
of C 2 S, but such a cement would be useless as it would lack early strength 
and, moreover, the absence of compounds of iron and aluminium would 
make it impossible to clinker the cement at a reasonably low temperature. 

Low-heat cements have been found to be particularly suitable for large 
dams, as these are then freer from structural cracks than they would be 
if ordinary Portland cement had been used. Also, because of their low 
C 3 S content, low-heat cements are less liable to chemical leaching by soft 
waters, an important advantage with hydraulic structures. 

The actions (mainly hydration) that take place during the setting and 
hardening of the com})ounds present in cement are all accompanied by the 
evolution of considerable amounts of heat. 

Lerch and Bogue(5) found from determinations of heats of solution of 
unhydrated and completely hydrated pure compounds that the heats of 
complete hydration for the cement compounds are as follows : — 




First 

— 

Total. 

Forty-eight 



Honrs. 


Calories/g. 


(\A 

207 

150 

C38 

120 

100 

C 4 AF 

100 

40 

CjS 

62 


CaO 

279 


MgO 

203 


SOa 

149* 



♦ Due to formation of 3CaO • A1 ,0 , • 3CaS0 , • 31H *0. 


Using Lerch and Bogue’s results, it is possible to obtain an approximation 
to the heat-evolution properties of a cement from the analytical results. 
There are errors involved, however, as the calculation of compounds present 
is based on the assumption that the clinker is entirely crystalline, whereas 
with rapid cooling a proportion of glass may be present. 

Experimental 

At the suggestion of the Chief Engineer, Public Works Department, 
samples of cement and clinker from current production were obtained from 
the manufacturers in well-sealed containers as follows : — 

K. 2085-1 . . Cement “ clinker,” manufacturer “ A.” 

~2 . . Cement “ clinker,” manufacturer “ B.” 

-3 . . Cement “ clinker,” manufacturer “ (L” 

K. 2467-1 . . Normal cement, manufacturer “ A,” 28th August, 1944. 

-2 .. Normal cement, manufacturer “ B.” 28th July, 1944. 

-3 .. Normal cement, manufacturer “ C,” 11 th July, 1944. 

Note.— I n the case of K. 2467-2, cement from “ B,” the manufacturer advised 
that this sample did not correspond with the clinker sample previously forwarded 
(K. 2085-2), as the former was a later burning. Both, however, wore of normal quality. 

The clinker and cement samples from ” C ” were corresponding materials as regards 
bum. 

Cement “ A ” was received at a later date than the clinker, and may have been 
a later hwm, but no information from the manufacturer on the point was received. 
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Analyses 

Chemical analyses were carried out on all samples and compound ’’ 
^compositions worked out, with the following results ; — 


Clinkers. 

“ A " : 

K. 2085-1. 

•• H " : 

K. 2085-2. 

.. C M . 

K. 2085-3. 

Silica (SiO g), per cent. 

21-83 

23-80 

23-64 

Alumina (AlgOg), per cent. 

6 - m ) 

5-18 

4-06 

Iron oxide (Fe gO g), per cent. 

3-76 

3-12 

3-67 

Total lime (CaO), per cent. 

66-49 

65-61 

6 . 5-33 

Free lime (CaO), per cent. 

( 2 - 00 ) 

( 0 - 22 ) 

( 0 - 26 ) 

Magnesia (MgO), per cent. 

1-83 

1-18 

1-08 

Sulphur trioxide (SO 3 ), per cent. 

0-62 

0-07 

1-32 

Loss on ignition, per cent. 

0-11 

0-04 

0-14 

Soda (NugO), per cent. 

0-66 

0-26 

0-29 

Potash (KgO), per cent. 

0-45 

0-35 

0-37 

Titanium dioxide (TiO g), per cent. 

0-32 

0-32 

0-24 

Phosphoric anhydride (PgO 5 ), per cent. .. 

0-13 

0-15 

0-19 

Manganous oxide (MnO), per cent. 

0-06 

0-02 

0-11 


100-24 

100-10 

100-34 


Compound Comi* 08 itions ok Clinkers 


„ - 

“ A.*’ 

•• It.” 


C3« ’ 

51-69 

45-62 

48-84 

C,A 

6-89 

8-43 

4-72 

C 4 AF 

11-40 

9-48 

10-85 

CgS 

23-66 

33-90 

31-01 

CaO (free) 

2-00 

0-22 

0-26 

MgO 

1-83 

1-lS 

1-08 

CaS 04 

1-05 

0 12 

2-24 


ANALY«fis OF Cements 


j 

” A ” ; 

K. 2467-1. 

K. 2467-2. 

” c " • 

K. 2467-3. 

SiO g, per cent. . . . . . . . . 

AlgOg, per cent. 

20-86 

23-44 

23-24 

6-08 

5*00 

4-22 

FogOg, per cent. 

CaO (total), per cent. . . 

3-08 

2-56 

3-15 

63-96 

63-84 

64-66 

CaO (free), per cent. . . . . . . . . 

(2-64) 

( 1 - 00 ) 

(0-38) 

MgO, per cent. 

1-66 

M 8 

1*02 

SO 8 , per cent. 

1-85 

1-67 

1-86 

Loss on ignition, per cent. 

1-72 

1-19 

0-70 

Soda, per cent. 

0-67 

0-33 

0-33 

Potash, per cent. 

0-48 

0-47 

0-36 

TiO g, per cent. 

0-31 

-0-29 

0-24 

F aO 6 , per cent. . . . . . . , 

0-10 

0*13 

0-13 

MnO, per cent. . . . . . » . 

0-046 

0-015 

010 


so -82 

100-02 

100 01 

** Inscduble residue ** (included in main analyses), 
per cent. 

0-36 

0-15 

0-18 
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The requirements for chemical composition of Portland cement as set 
out in B,S,S. No, 12, 1940, are given below, as well as results for the three 
local cements. Though not required for heat-evolution calculations, the 
results are given so that they may be put on record. 






Requirements of li S.S. 


“ A " 

“ B ” 

.. .. 


Oinpiit. 

Cement. 

(Vment. 

A'o. rj, 1040 . 

Katie 





2-8SiO, + ]- 2 AIs 03 f O'OSFpjO, 

0-94 

0-86 

0-SS 

Not < 0*67 nor > 1*0. 

Ratio 

A1 2 O 3 

o-eo 

0-51 

0*7.5 

Not more than 1*5. 

Disoluble residue, per cent. 

0*35 

015 

0*]K 

Not more than 1*0. 

Magnesia (MgO), per cent. 

im 

IIS 

1*02 

Not more than 4*0. 

Sulphuric anhydride (SO 3), per cent. 

1*85 

1-57 

1*80 

Not more than 2*75. 

Loss on ignition, per cent. 

1-72 

119 

0*70 

Not more than 3*0. 


The three cements therefore easily comply. No. 12, 1940, sets no 

limits for alkali content and free lime and does not consider heat-evolution. 


Compound Composition of Cements 


Phuse. 

.. ^ .. 

.. j5 

.. M 

03S 

47*09 

35*78 

46-72 

C 3 A 

«-24 

8*90 


C,AF ^ 

9*36 

7*78 

9*58 

C3S 

24 .35 

40*28 

31-46 

CaO (free) 

2*64 

1*00 

0-38 

MgO 

1*66 

1*18 

1 -02 

CaSO, 

3*15 

2*67 

3-16 


♦ The difference in compound composition of the clinker and of the cement in the case of “ B ** is 
due to the fact that the niat-erials Avere from different burnings, ns explained previously. 


Calculation of Heat-evolution Characteristkxs of Cements 
Heat-evolutions were calculated from compound compositions according 
to the procedure given by Lea and Desch in ‘‘ The Chemistry of Cement 
and Concrete,’^ p. 183, Table XXV. Allowances were made for heats of 
hydration of CaO (free) and MgO (279 and 203 calories per gram respectively), 
and for heat-evolution due to interaction between CaSO^' and hydrated 
C 3 A, as recommended by Lea and Desch. Calculation of heat-evolution 
in this way is, as noted above, subject to certain inaccuracies and assumptions, 
the main error being due to the fact that no correction can be made for 
“ glass.’’ However, work at the Bureau of Standards(4) has shown that the 
method compares favourably with the microscopical method and gives 
results in reasonable agreement with direct measurement of heat-evolution. 

The results for heat-evolution obtained in this way are set out in the 
following table, together with average figures for various classes of Portland 
cement taken from a paper by Lea( 6 ) on “ Mpdern Developments in 
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Cements,” published in the Journal of the Institution of Civil Engineers r 
February, 1943, No. 4, p. 238 : — 



Heat-ovolution. 

Calories per gram.* 


Three 

Days. 

Seven 

Days. 

Twenty- 
eight Days. 

Complete 

Hydration. 

K. 2467-1: “A” 

81 

89 


■9 

-2: “B” 

68 

74 



-3: “C” 

70 

78 



Rapid’hardening Portland cement 

90 

100 

110 


Normal Portland cement 

75 

85 

90 


Modified Portland cement 

65 

75 

80 


Low-heat Portland cement 

45 

55 

65 


United States specifications for low-heat 
cement 


65 

75 



* 1 calorie per ffrain 1'8 B.Th.V. per pound. 


Petrographical Examinations of Clinkers 

An attempt was made to confirm the results obtained by the chemical 
method by means of petrological examinations of thin sections of the clinkers. 
Unfortunately, a suitable impregnating resin was not available and 
preparation of the sections was extremely difficult. The examination of 
thin sections was therefore abandoned in favour of the examination of 
polished sections. 

The main recognizable constituents were found to be CgS and 
with C4AF as a minor constituent. In addition to the above minerals, the 
clinkers contained a small amount of apparently isotropic material which 
presumably consisted of tricalcium aluminate or glass or both together. 
It was found impossible to distinguish between C3A and glass under the 
microscope. Quantitative estimations of the cement compounds by optical 
methods were therefore unsuccessful. 

Conclusions 

The results indicate that none of the New Zealand cements, as was to be 
expected, comes into the “ low-heat ” or “ modified Portland cement ” 
classes. “ A ” cement is ap})reciably higher in heat-evolution than the other 
two brands, but this may be partly explained by experimental errors in the 
analyses and inaccuracies in calculations due to “ glass.” 

Heat-evolution, particularly in the early stages, would be affected to 
some extent by fineness of grinding, but data on the relative finenesses of 
the respective cements are not available. 

^Low-heat Portland cements generally contain not more than 25 per cent, 
to 30 per cent, of C3S and in the neighbourhood of 50 per cent. C2S, the 
strength-producing compound which contributes to a steady gain of strength 
over a long period of time. CgA in such cements is usually from 5 per cent, 
to 6 per cent., with a top limit in some specifications of 7 per cent. It is 
therefore clear, from the compoimd compositions previously tabled, that 
none of the New Zealand cements comes into the low-heat class. 

The presence of free lime in cement “ A ” and clinker suggests that 
the temperature of burning or of the exit gases may not be as high as that 
used' in the other works. This may be a possible explanation of the rather 
higher alkali content of cement “ A,” since at very high temperatures 
may he lost to a considerable extent by volatilization. The 
^l^pffic ance of alkalies in Portland cement has recently been reviewed by 
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The range of alkali contents of the three New Zealand brands of cement , 
has been determined from numerous samples by Seelye and by Come8(8), 
and the position is still being closely watched. 

As far as the authors are aware, no cases of deterioration of concrete 
due to interaction of cement of high alkali content with aggregate have 
heen reported in New Zealand, and unless evidence to the contrary is brought 
forward it must be assumed that the concrete aggregates commonly used 
here are safe. 

In conclusion, it may be stated that the results of these investigations 
have confirmed the very high standard of quality of all three brands of 
locally made cement. It now remains for the engineers to decide whether 
it will be necessary, for mass concrete work, to manufacture special low-heat 
-cements in New Zealand, or whether attention should be given to the 
development of special low-heat pozzolanic cements such as have been used 
'for dams in other countries. 

If at any future time the production of such special cements is decided 
upon by the manufacturers, further consideration of the question of direct 
measurement of heat-evolution will be necessary, and a specification covering 
such cements will have to be drawn up. 
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NOTE ON A TABLE OF DISTANCES FROM SOUTH 
PACIFIC SEISMOLOGICAL OBSERVATORIES 

By W. M. Jones, Dominion Observatory, Department of Scientific and 

Industrial Research 

[Received^ for publication, 1st August, 1943] 

Summary 

A table has been compiled, mainly for seismological purposes, giving, in 
degrees and minutes, the “ geographical ” distances from five South Pacific 
observatories to points, at intervals of one degree in latitude and longitude, 
in the South Pacific region, from 0*^ to 35^ south latitude, and from 160° oast 
to 170° west longitude. A sample sheet only is printed here, as basis for a 
brief discussion of the Table. 

Introduction 

For some recent seismological studies the writer had occasion to compute 
the “ geographical ’’ distances, in degrees and minutes, from Wellington, 
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Brisbane, and Suva Obsarvatories to each of the 1,116 intersections of degree* 
lines of latitude and longitude in the region comprised between 0® and 35® 
south latitude and between 160® east and 170® west longitude. The 
corresponding distances from Eiverview and Apia Observatories have since 
been added, so that a table is now available which may be of use to 
seismologists working on South Pacific problems, and perhaps also for 
purposes of air navigation or of radio-transmission. The table is somewhat 
lengthy for printing in this Journal^ and only a sample sheet is given below, 
for purposes of discussion. A few typed copies are available, and the writer 
would be glad to forward one to any observatory or private worker who 
would have use for it. It is hoped also, as occasion offers, to extend the- 
region covered. 

Description and Discussion of the Table 

The heading gives the geographical latitude, the longitude, and the 
geographical direction-cosines of the five observatories, with identification 
letters for the columns in the table. The distances, in degrees and minutes, 
are shown separately for each meridian, the sample shown being for 160® 
east, and* can be converted into miles or kilometres, if required, at the 
approximate rate of 69 miles or 111 kilometres per degree (with limitations 
arising from the earth’s ellipticity). The dot after figures in the minutes 
column indicates a half-minute, and has been inserted when entry into the 
five-figure haversine table used (that in Bowditch, American Practical 
Navigator) indicated the half-minute as a closer approximation than the 
preceding or following minute. It does not mean, however, that a half- 
minute accuracy is everywhere attained, as a glance at the first differences 
will show ; but only that, in general, a slightly greater accuracy will be 
obtained by its inclusion. 

The process of computation employed the direction-cosines, to four 
figures, previously obtained by the writer from five-figure trigonometrical 
tables(l), and the formula 

haversine A = — A)* + (6 — B)* + (c — 

where o, b, c are the direction-cosines of an observatory, and A, B, C those 
of the point considered. The squares were written down to the fifth figure, 
the sum divided by 4, and the angle looked up in the Bowditch five-figure 
haversine-table. Owing, however, to the slow variation of the haversine 
for small angles, this procedure does not give an accuracy of a minute for 
distances less than about 5®, and over this range the following formula 
was used — 

A«-(A-aA)" + (A^)* 

where A A and A^ are the differences in longitude and latitude between 
observatory and point considered, and A the ratio of the length of a degree 
of longitude to that of one of latitude, an average value being taken over 
the range of 5®. 

Thus, while it would not be safe to expect that the nearest half-minute 
is everywhere accurate, it is hoped that where ellipticity corrections are 
not being taken into account the accuracy attained will be sufficient for 
most purposes of present-day South Pacific seismology. For example, an 
error of a minute, or about a mile, is comparable with about a fifth- 
second in the measurement of the time of arrival of a P-wave, or a 
third^second for an S-wave, and our South Pacific observatories are not 
yet normally concerned with time-intervals of this order in the recording 

ea^hquakes'^at the distances concerned. 
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Table 

Geographical distances, in degrees and minutes, from — 

A. WeUington, 41“ 17' S., 174° 46' E. : - -7483, 6 = + 0685 ; c = - -6699 

B. Brisbane, 27° 29' S., 153° 02' E. : a - -7907 ; 5 = + -4023 ; c = ~ -4614 

C. Suva, 18° 09' S., 178° 27-6' E. : a = - -9499 ; 6 = + 0266 ; c = - *3116 

D. Riverview, 33° 50' S., 151° ;i0' E. : a = - -7277 -4006 ; c = - *666^ 

E. Apia, 13° 48' S., 171° 47' W. : a - -9612 ; 6 - - 1388 ; c - - -2385 


Longitude, 160° E. 


S. Lat. 

A. 

B. 

C. 

D. 

E. 

o 

o 

/ 

o 

/ 

O 

/ 

0 


o 

/ 

0 

43 

24 

28 

17 

25 

39 

34 

50 

31 

09- 

1 

42 

26- 

27 

18* 

24 

57 

33 

52 

30 

43 

2 

41 

29 

26 

20 

24 

15- 

32 

53 

30 

17 

3 

40 

31- 

25 

22 

23 

35 

31 

55 

29 

53 

4 

39 

34 

24 

24 

22 

56- 

30 

57 

29 

30- 

5 

38 

37 

23 

26 

22 

19 

29 

58- 

29 

09- 

6 

37 

40 

22 

28- 

21 

43 

29 

01 

28 

50 

7 

36 

43 

21 

31 

21 

09 

28 

03 

28 

33 

8 

35 

46 

20 

33- 

20 

37 

27 

05 

28 

17 

9 

34 

50 

19 

37 

20 

07 

1 26 

08 

1 28 

03 

10 

33 

53 

18 

40- 

19 

39 

25 

10- 

27 

51 

11 

32 

57 

17 

44 

19 

13 

24 

is- 

27 

41 

12 

32 

01 

16 

48 

18 

50 

23 

le- 

27 

33 

13 

31 

05 I 

15 

53 

18 

30 

22 

20 

27 

26- 

14 

30 

09- 

14 

58 

18 

12 

21 

23- 

27 

22- 

15 

29 

14 

14 

Os- 

17 

58 

20 

27- 

27 

20- 

16 

28 

19 

13 

lo 

17 

46 

19 

32 

27 

20 

17 

27 

24 

12 

17- 

17 

37- 

18 

36 

27 

22 

18 

26 

30 

11 

26- 

17 

32- 

17 

42 

27 

26 

19 

25 

36 

10 

37 

17 

.30- 

16 

47- 

27 

32 

20 

24 

42- 

9 

49- 

17 

32 

15 

54 

27 

40 

21 

23 

49- 

9 

04 

17 

36 

15 

Ol- 

27 

49- 

22 

22 

57 

8 

22 

17 

44- 

14 

io 

28 

01 

23 

22 

05 

7 

43- 

17 

56 

13 

19 

28 

15 

24 

21 

14 

7 

10 

18 

10 

12 

29- 

28 

30- 

25 

20 

23 

6 

43- 

18 

27- 

11 

42- 

28 

47- 

26 

19 

33 

6 

23- 

18 

47- 

10 

56- 

29 

06- 

27 

18 

44- 

6 

13 

19 

10 

10 

13- 

29 

27 

28 

17 

57 

6 

11 

19 

35- 

9 

33 

29 

50 

29 

17 

11 

6 

19 

20 

03 

8 

57 

1 30 

13 

30 

16 

26 

6 

36- 

20 

33 

8 

25 

30 

39 

31 

15 

43 

7 

01- 

21 

05 

7 

58 

31 

05- 

32 

15 

01 

7 

33 

21 

39 

7 

38 

31 

33- 

33 

14 

22 

8 

10 

22 

14 

7 

25- 

32 

03 

34 

13 

45 

8 

51 

22 

51- 

7 

20 

32 

34 

35 

13 

11 

9 

35 

23 

30- 

7 

22 

33 

06 


Interpolation 

For points not on the intersections of degree-lines it will in general be 
necessary to interpolate simultaneously for increments of both latitude 
and longitude. If are the latitudes of the point and the observatory, 

A, A(,, the longitudes, and 8 the angular distance, then differentiation of 
the formula^ 

cos 8 = sin <f> sin -|- cos <l> cos cos (A — A^) 

gives 

— sin 8 A8 == ^cos sin <f>Q — ■ sin </> cos cos (A — Ao)^A(^ 

— cos <l> cos (A — - A^j) A A 

thus expressing an increment of distance A 8 in terms of given increments 
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and AA ; but the factors to be applied to A^ and A A, varying as they 
do for each original latitude and longitude, are evidently too complicated 
for easy interpolation. Richter( 2 ) gives relations obtained by expansions 
in series. However, except for the shortest distances, it should suffice for 
our purposes to neglect second order terms, and to make a linear interpolation 
as follows : — ^ 

If A^, A 2 are distances given in the table for two successive degrees 
of latitude on the same meridian, and A3, A 4 those for the same latitudes 
on the next meridian, and if the point P has latitude x minutes greater 
than the point for which the distance is A^, and longitude y minutes 
greater, then the distance at P will be approximately 

A, + (x/m) (A2 ~ Ai) + (y/ 60 ) (^3 - A,) 

The difference between this and the distance derived in a similar manner 
from A2> ^3> and A 4 would show whether the error in interpolation is worth 
further consideration for the purposes involved. 
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TORNADOES IN NEW ZEALAND 

Bj C. J. Seelye, Meteorological Office, Wellington 
[Meceived for publication, 27th July, 1945] 

Suynmary 

In recent years an average of 9 tornado storms a year has been recorded in 
New Zealand, but their frequency being certainly higher than reports reveal, is 
possibly 26 or more a year. A typical, well-developed tornado in this country 
would be one with a diameter of 20 yards and a track of 2 miles. They may 
occur any time of the day, but are appreciably more numerous in the afternogn, 
in which period there is a slight predominance of the stronger storms. Their 
average strength is greatest during the period May to October. Western districts 
of the Dominion, but especially Westland and the environs of Mount Egmont, 
including New Plymouth, are the most susceptible to tornadoes. 

The majority are associated with cold fronts, particularly with those 
occurring in south-westerly situations — itc,, those with an anti-cyclone located 
over south-eastern Australia. 

About 30 per cent, of the reports refer to thunder or hail storms with the 
tornado, and another 10 per cent, to rain alone. 

Brief descriptions, based on press reports, are given for the 8 most severe 
tornadoes of recent years. 


General 

Although tornadoes are relatively rare in this country there are far more 
of these vigorous storms than is generally realized and they are sufficiently 
numerous to merit attention. For this discussion 162 reports of tornadoes, 
including a few waterspouts viewed from the coast, have been considered. 

A tornado .is a violent whirl of small area around which winds spiral 
elockwise (in the southern hemisphere) and in which there are strong 
^$«^ding cuEcents near the core. Usually a funnel-shaped cloud hangs 
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from the cumulommbus clouds and extends towards the earth. When a 
funnel-shaped cloud occurs at sea it is usually described as a waterspout. 
Dust-whirls or dust-devils are of a similar but much milder character^ 
forming, however, from the ground following intense surface heating, whereas 
the tornado develops downward from the clouds above. 

Tornadoes attain their greatest violence over the plains of the United 
States, and are not uncommon in parts of Australia. In Euroj)e they are 
a rarity and much less violent. The American storms range in diameter 
from 40ft. to over 1 mile, but are most commonly 500 to l,(X)0ft., with a 
track length of 20 to 40 miles, although some have travelled 300 miles. 
Where dimensions have been given for New Zealand storms they have 
been mostly about 20 yards for the diameter, the smallest mentioned being 
12 yards, and the largest, an isolated case, 200 yards. Often the track 
appears to be only about 2 miles long, but may exceed 10 miles. 

It will be realized, therefore, that many storms of typical size, 20 yards 
through and travelling a few miles at a speed of, say, 30 miles an hour, 
may pass unnoticed in many of the mountainous regions and less-settled 
districts of this country. Moreover, those occurring during the hours of 
darkness if not very violent will often attract little attention and will escape 
any mention in the press. The majority of the records available are in 
fact derived from contemporary newspaper accounts, but a few have been 
noted in various meteorological returns supplied to this Office. The 
descriptions in a number of cases are meagre, but others contain much 
useful and vivid detail. All the 162 reports of tornadoes and waterspouts 
considered here relate to storms since 1919. In addition, there were several 
minor references too vague to be used here. Files of press reports prior 
to 1928 may not be complete, but since then the averag(‘ number of such 
storms reported a year is 9, and whereas only 3 were recorded in 1940, there 
were reports of 23 during 1935. Therefore it is considered that the late Dr. 
E. Kidson did not overstate the case when, in an article appearing in the 
Taranaki Daily News of 11th June, 1934, he estimated 24 as the annual 
average of tornadoes both large and small. 

Geographical Distribution 

Auckland and Taranaki Provinces and the West Coast of the South 
Island are the areas most affected, as is seen by reference to Fig. 1, which 
shows the geographical distribution of the 162 occurrences. The deficiencies 
of this figure due to lack of reports must again be (unphasized. It is felt 
that there will be many omissions for the West Coast of the South Island, 
especially south of Hokitika, and others between Mokau and Raglan in 
the North Island. Around Mount Egmont and at New Plymouth reported 
storms reach their greatest density, but this is also a region where observations 
are likely to be reasonably complete. 

There is some similarity between the distribution of tornadoes and those 
of thunderstorms (Kidson and Thomson), both phenomena attaining their 
greatest frequency in western districts. There is a patch of tornadoes in 
Canterbury where thunderstorms are relatively rare, but the former includes 
several mild occurrences, possibly only dust-whirls. Both thunderstorms 
and tornadoes require a temperature lapse rate greater than the saturated 
adiabatic and a suitable supply of atmospheric moisture from below. Indeed, 
tornadoes are often accompanied by electrical disturbances. About 30 
per cent, of the reports contain specific mention of thunder, lightning, or 
hail, and a further 10 per cent, of rain alone. 
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Annual and Diurnal Variations 

For the present survey an arbitrary scale ranging 0 to 5 units was adopted 
to indicate the intensity of a tornado, as, for example : — 

0 Funnel cloud and no surface phenomenon ; or very slight 
* disturbance. 

3 Outbuildings, verandas, and roofs carried away. 

5 Well-constructed buildings demolished. 
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Table I shows the annual variation by the percentage of the total number 
of tornadoes which have occurred in each month and also their average 
intensity on the preceding scale. 

Table I 


{a) Annual Variations of Tornadoes in New Zealand : Percentage of Total. 
(6) Average Intensity of Tornadoes in New Zealand (Arbitrary Scale). 



Jan. 

Feb. 

Mar. 

1 

Apr. 

May. 

Jun. 

July. 

Aug. 

Sept. 1 

Oot. 

Nov. 

Dec. 

Year. 

(a) .. 

7 

10 

10 

9 

10 

10 

4 

12 

8 

9 

4 

7 

100 

(6) .. 

1-8 

1-4 

1-3 

1-8 

2-4 

1*9 

2-2 

2-5 

1-9 

1-9 

1*5 

1-8 

1-9 


The distribution is, on the whole, fairly even, although July and 
November are conspicuous for their small frequency. The average intensity 
’is greatest over the six-monthly period May to October. 

The exact times of occurrence were recorded for 109 tornadoes, and for 
another 37 there were less precise indications of the time of day. After 
estimating a distribution for the latter. Table II was obtained. The diurnal 
variation expressed in graphical form is shown in Fig. 2. 


Table 11. — Diubnal Variation of Tornadoes : Percrntaoe Frequency 


Hours. 

0-2. 1 

2-4. 

4-0. 

0-8. 

H-IO. 

10-12. 

12-14. 

14-10. 

10-18. 

18-20. 

20-22. 

22-24. 

Percentage fre- 

quency 

4 

3 

4 

6 

8 

! 

8 

12 

18 

15 

13 

6 

3 


There is a very definite maximum occurring in the mid-afternoon. As 
to some extent this may be due to many of slight intensity, a further analysis 
(Table III) was made to determine the distribution of storms of intensity 3 
or more and also the variation of intensity. 


Table III.— Daily Variation op Tornadoes with respect to Frequency and 

Intensity 


Period. 

Percentage 

Of Total. 

? Number. 

Of all of at 
Least 

Intensity 2. 

Average. 

Intensity. 

Barly morning . . . . . . 

11 

15 

2-2 

Porenoon . . . . . . ' . . 

22 

26 

2*1 

Afternoon 

45 

33 

1.-7 

Bvening . . 

22 

26 

1-9 


The results in the second column do not indicate quite such a marked 
predominance for the afternoon period. Undoubtedly the high average 
intensity for the early morning is a reflection of the weakness of the observa- 
tional material for a period when only the more severe visitations leaving 
si gns of destruction will be recorded. These data suffice to show the expected 
inflnAnnA of convection during the afternoon as a contributory but by no 
means a necessary factor in the development of tornadoes here. 
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Associated Weather Types 

For the 61 examples occurring since 1937 the associated meteorological 
situations shown on the current synoptic charts have been examined. There 
were 46 per cent., and probably another 21 per cent, of these connected 
with the passage of a front, but the remaining 33 per cent, appear to have 
been of non-foontal origin. Table IV contains an approximate classification 
of these cases. 


Table IV. — ^Number of Tobnadoes with Weather Types 


Weath«? Type. 

Frontal. 

Probably 

Frontal 

Noii-C‘ontal. 

Total. 

South-westerly . . 

4 

7 

7 

18 

Westerly 

2 

2 

0 

4 

Trough 

2 

2 

1 

5 

Depressions 

8 

2 

5 

15 

Oonvective 

0 

0 

5 

5 

Others 

12 

0 

2 

14 

Total .. 

28 

13 

20 

(11 


A south-westerly type is one with an anticyclone over south-eastern 
Australia and a broad south-westerly wind flow over the Tasman Sea and 
New Zealand, often with active depressions to the south-east. In the 
westerly type an anticyclone orientated in an E.-W. direction is located to 
the north, while disturbances pass to the south. Under “ trough ” have 
been included situations where most of the Tasman Sea and New Zealand 
was in a wide trough of low pressure. Tropical cyclones have been included 
with depressions, and 8 of the 15 were centred to the south of the tornado. 
Quiet situations where surface temperatures and humidities were rather 
high have been classed here as convective. 

South-westerly situations are thus very notable as favourable for tornado 
development. In such situations the polar air in the south-westerly current 
may be extremely unstable. With a secondary cold front tornadoes may 
develop on both sides of the Southern Alps. For example, on the 28th 
February, 1943, after the main cold front had passed, a waterspout was 
visible from Cobden, Greymouth, for half an hour following 9.23 a.m., and 
at about 11 a.m., associated with the same secondary cold front there was 
a very active tornado at Kaiapoi on the east coast. 

Descriptions of Tornado Damage 

The damage caused by tornado is a result of — 

(а) The violence of the wind : , 

(б) The sudden lowering of pressure as the centre of the vortex passes, 

which tends to make closed buildings explode outwards : 

(c) Further wind damage following entry through lifted roofs, &c. ; 

{d) Damage through flying debris elevated by the strong ascending 
currents. 

. In^the following paragraphs brief accounts will be given of the 8 most 
/^vere tornadoes included in the records considered, free use being made of 
iwrteea ^reports. Descriptions of the damage done have been limited to a few 
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selected items. The place names for these tornadoes have been included 
in Fig. 1 : — 

1. Cape Foulwind (11th August, 1927, about 2.45 a.m.). — A tornado 
swept through Cape Foulwind in a north-to-south direction, carrying every- 
thing before it. Large, substantial buildings were simply demolished, timber 
and iron being scattered in all directions. Portions of the buildings destroyed 
were found as far distant as half a mile from the place where they formerly 
stood. The Cape Foulwind School, Costello's Hall, and the old hotel were 
practically wiped out of existence, all that remained being a tangled mass 
of timber and iron. 

2. Allanholme, Waihao Forks, Waimate (7th January, 1929, about 
3 p.m.). — A homestead, with six occupants at the time, was lifted some 



Hours 


FIGURE 2. DIURNAL VAMATION OF FREQUENCY OF 

TORNADOES. 

2 ft. off its bearings and turned round slightly. The kitchen chimney and 
the washhouse chimney were levelled, and the iron roof torn off the wash- 
house and off parts of the house.- Much greater damage was done to trees 
and implements in the vicinity. At the Allanholme Coal-mine, 8 chains 
distant, a small house was lifted and half of it carried over 2 chains away. 
All the mine staging was pulled down. Other farms 14 and 30 chains away 
were almost untouched, 

3. Palmerston North (24th June, 1929, about 3.30 p.m.).— Whirling along 
with acaazing xapidity and terrible force, a tornado blasted a line of 
destruction several chains wide through the suburban area of Palmerston 
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North, partially unroofing houses, bringing down chimneys, and shattering 
windows. The tornado came from the direction of Kairanga, for a plan- 
tation in lower Aorangi was levelled and jagged ice fell. It cut a diagonal 
track through the residential area (as indicated approximately in Fig. 3) 
traceable for a distance of about 5 miles. A funnel cloud was observed to 
hover over the aifected area. 

4. New Plymouth (17th May, 1934, at 5 p.m.). — This tornado emerged 
from behind the Sugar Loaves at Moturoa and passed the waterfront in 
the region of the Ngamotu Palladium. “ It was like a huge ball of fire 
rolling over the water.*’ Its general easterly course is shown in Fig. 4. 
As a consequence at least eight houses were partly or wholly unroofed or 
damaged in other ways, some chimneys were demolished, many masts and 
poles broken, and trees blown down. It was accompanied by drenching 
rain as if from a cloud burst, by a diabolical roar and by an awesome electrical 
display. 



5. Oreymouth (29th March, 1936, at 8.50 a.m.). — Sweeping in from the 
aei^ about 300 yards south of the south breakwater, a tornado caused heavy 
damage to property over a belt across the town, leaving in its wake scores 
of broken windows, flattened fences, partially unroofed houses, and even 
completely wrecked buildings. It was the worst phenomenon of the kind 
Greymouth has experienced. After strong south-westerly winds had 
prevailed overnight there was a temporary change to the north-west, during 
which there was a thunderstorm -and a heavy shower of rain and hail. 
Sho^ly after the tornado cut a swath from the west across the central 
portion of the town, swirling roofing, iron, and other debris high in the 
Eir ; Jn fact, it was through flying timber and iron that the greatest damage 
was caused. AU told,* acme fifty ouildings were affected, apart from fences 
anili poles. The only buildings beyond repair were the Surf Club Pa'^on 
sash and door factory. At one stage the width was given as 160 ft. 
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Bt a later stage 40 ft. Rain accompanied and followed this visitation. 
Figure 5 shows the track. 

6. Te Kiri (29th August, 1936, afternoon). — ^After a brief calm following 
B heavy hailstorm, this tornado came down from Mount Egmont in a wild 
burst of fury. In the first farm affected a cow-shed was lifted 2(K) ft. into 
the air and carried some distance away. In neighbouring farms two cow- 
sheds and three haystacks fastened down with iron were wrecked. Then 
a four-roomed house was demolished. It appears that the whole building, 
with its chimney, had been lifted bodily and twisted round and round. 
The kitchen floor separated itself from the rest of the house and travelled 
over a boxthorn hedge a distance of 100 yards. All that remained was 
part of the veranda floor, that of the sitting-room resting on the hedge. 



FIGUKE 4 . TOKNADO TRACK! NEW PLYMOUTH, 17TH MAY, 1934. 


Outer and inner walls were moved about 20 yards, while roofing material 
lay strewn various distances up to a mile away. The heavy concrete block 
supporting the kitchen stove was torn from its foundations and moved a 
few feet, while the stove itself was turned wrong way round. The path 
of this storm was 2 miles long with a width of 200 yards. Torrential rain 
was falling at the time. 

7. Mokai (5th January, 1938, at 1.15 p.m.). — With a deafening roar a 
tornado struck a timber company’s settlement, tearing off corrugated-iron 
roofing from two mill buildings, sending sheets flying through the air for 
upwards of 100 yards, and piercing other buildings. Many heavy beams 
were displaced. Almost simultaneously four of the workmen’s cottages 
came within the narrow trail of the whirlwind and were razed to the ground, 
leaving ^only piles of splintered timber, broken windows, and household 
-effects. 
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, 8, Kaitaia (26th August, 1942, at 10.45 a.m.). — This was probably the 
worst tornado on record, certainly so from the point of view of injuries 
received. One boy was killed by flying objects and eight people required 
hospital attention. The visitation was preceded by thunder and heavy 
hail and followed by light rain. After leaving a trail of destruction at 
Waipapakauri the tornado changed its course, tearing out trees near Awanui, 
travelled through the main street of Kaitaia, and finally spent itself out 
when it entered the hills in the south toward Takahue. Roofs and verandas 
of most buildings in the main street collapsed or disappeared. Roofing, 
iron was carried up to 2 miles away. Damage caused in the town occurred 



FIGURE 5. TORNADO TRACK. GREYMOUTH, 29TH MARCH, 1956 

within five seconds, but a roaring noise continued for two minutes. One 
ho^e in the Awanui Road was lifted and completely turned round and 
dashed to pieces. 

Something of the destructive vigour of our worst tornadoes can be 
gathered from the foregoing accounts. In an individual case the area 
actually affected is so small that tornadoes, compared with other possible 
disasters, constitute an insignificant hazard to life and property. No 
unnecessary risks should be taken, however, and at the sign of approach 
of a funnel cloud, perhaps accompanied by an ominous roar, one should 
lie down in a ditch or other depression, or seek shelter in a solidly constructed 
building should one be at hand. 


Reference 



and Tuonson, A. (1931) : 
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176 


1945] Whittleston and Ziman.— A useful Laboratory 

Vacuum-tube Volt Meter 


- A USEFUL LABORATORY VACUUM-TUBE 

VOLT-METER 

By \V. G. Whittleston and J. M. Ziman, Animal Research Division, 
Ruakura, Department of Agriculture 

[Received for publication, 21st August, 1945] 


Some time ago one of the writers (J. Z.) was examining the possible use 
of cathode-follower circuits as a basis for a photometer. The “ long-tailed 
pair circuit was tried(l, 2) and showed promise. A vacuum-tube volt- 
meter was needed at the time, so, using the divider circuit described by 



Ri ; 22,500 voltage divider tapped at 2,500 ohms 
and at a ixiint giving 78 volts above the 
transformer centre tap. 

B a • 5,000 ohm potentiometer. (Zero adjustment.) 

B.aB 4 : 75,000 ohm resisters. 

Rj: 6,000 ohm potentiometer. (Scale adjust- 
ment.) 

Ra: 20,000 otuu resister. 

Ry : 4 megohm reslster. 

Rg.* 0 megohm resister. 

Rt : 0*0 megohm resister. 

Rio: 0*1 megohm reslster. 


Rit: 17 ohm reslster. 

UjCg; 8 mfd. tubular electrolytic condensers. 

C a : 0-05 mfd. mica condenser. 

Cg ; 0*01 mfd. mica condenser. 

Si.* Three-circuit five-position rotary switch. 

8 a : Single-polo double throw* switch. 

V, : 5Z4 (or 6Y3G) rectifier. 

V a : 6N7 twin triode. 

V a : 6H6 double rectifier with the two diodes In 
parallel. 

M : 0-1 milliametcr. 

B : Cadmium cell. 


Thurston(3), the circuit shown in Fig. 1 was constructed. The device has 
been so, useful that its original form has continued in use without refinement. 
There is no great novelty in the “ long-tailed pair circuit, but it is very 
useful, very stable, and not as well known as it deserves to be. In fact, 
it was only when the writers encountered the paper by Buras and B(eid(i), 
long after the construction of the meter here described, that its full value 
was realized. Buras and Reid used the circuit in a titrimeter capable of 
-^operating with a glass electrode. 
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The use of a ‘‘ home-made ” Weston cadmium cell as an internal standard 
together with the inherent stability of the double cathode follower circuit 
make the instrument very useful when a long ‘‘ warm-up ’’ period must 
be avoided. (It may be used five minutes after switching on.) 

With the half-wave rectifier V3 used it was found essential to use 
17 ohms in series with the heater to reduce the error due to potential caused 
by the initial velocity of the electrons emitted from the cathode. The 
resistance is best found experimentally as it will vary with different tubes. 
Using regulated voltage for heaters and plate supply the meter would be 
exceptionally stable. Even as it is, for general laboratory use where 
precision is secondary to convenience and cheapness the usual mains 
fluctuations have not caused any trouble. Readings can quickly be checked 
against the standard when accuracy is essential. Further, the use of a 
robust 0-1 milliameter makes the instrument both cheap and reliable. 

Three ranges are used— 0-2, 0-20, and 0-2(K) volts A.C. or D.C. — ^the 
readings on A.C. being, of course, peak voltages. The instrument is 
substantially linear in characteristics over the ranges used which simplifies 
calibration. 


References 

(1) KicutTEii (1943) : Electronics, 16, 11, 112. 

(2) Cockrell: Industrial Electronic Control” (MoCTiaw Hill), p. 113. 
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(4) Buras and Retb (1946): Industrial and Engineering Chemistry (Anal. Ed.), 17 
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CHRYSOTILE ASBESTOS DEPOSITS, FLORA 
SURVEY DISTRICT, NORTH-WEST NELSON 

By W. E. Hall and J. J. Reed, New Zealand Geological Survey, Departinent 
of Scientific and Industrial Research 

[Received for puhlicjiUmi, 13th September, ]U4o\ 

Summary 

In tlie Flora Survey District, asbestos is present in serpen tinite as slip- and 
cross-fibre, the latter type being the more important. 'J’he indis idual cross- 
fibres are usually l«^»s than Jm. in length, although longer fibres (up to 3 in.) 
occur locally. The most valuable depa.sit so far discovered is in the flat area 
between (labbro and Asbestos creeks, where a small solid block of serpentinite 
* is traverscnl by a continuous network of narrow (Jin.) asbestos veins. A 
“ spheroid ” occurrence of asbestos is developed on the western slopes of the 
area, but systematic mining of this does not appear possible. Further pros- 
pecting is required before the total workable quantity of asbestos can be 
estimated. 

Introduction 

Locution , — The asbestos deposits described in this report occur in the 
upper reaches of the Takaka River, in Flora Survey District, about twenty 
miles S.S.W. of the township of Takaka in north-west Nelson (Fig. 1). The 
area examined during three weeks of February and March, 1945, comprised 
the major part of the lease (approximately 1,000 acres) owned by Hume 
Pipe Co. (Fig. 1 ) ; the boundaries were Takaka River to the east, Gabbro 
and Camj) creeks to the north and south, and the bush-lme to the west. 

Accessibility . — Previously the only means of access to the asbestos claim 
was by way of two pack-tracks, one route leading over Pearse Saddle from 
Pokororo on Motueka River, and a second route via Barron Flat starting at 
Upper Takaka. Recently, however, the Upper Takaka - Cobb Power-house 
road has been extended up Takaka River as far as the claim. Electric power 
is available at the claim from the Cobb Valley hydro-electric scheme. 

Topography- — The area is drained by Takaka River with its westerly 
tributaries, Gabbro, Asbestos, and Camp creeks. The immature Takaka 
River occupies a narrow gorge, the eastern wall of which is a precipitous 
bluff approximately 800 ft. high. To the west the land rises to the 3,000 ft. 
contour, the continuity of the slope being interrupted by a comparatively 
flat area upon which the main asbestos workings are situated (Fig. 2). The 
area west of Takaka River, except for the lower slope, has betui mainly 
cleared of bush. 
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Previous Worl \ — The first re^ference to chrysotile asbestos in the Flora 
Survey District was given by W. Gibbs (1889), and in 1911 a report on the 
mining operatioifs in j)rogress was published by C. H. Holland. Later, 



I 


Dr. Henderson (1923) described the asbestos deposits and discussed their 
origin ; more rectmtly a magnetic survey of the area was carried out by 
W. M. Jones (1939). 


f. 1. — Geological map of asbestos claim, Takaka River, Flora Survey District ; inset, locality map. 
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Flora Survey District, North-wesi’ Nelson 

General Geology 

The rocks of the district may be divided into — 

(а) Palaeozoic sedimentary rocks with some igneous niat(erial. 

(б) Ultrabasic and basic intrusions which have Ix'en injected into the 

Palaeozoic series. 

The Palaeozoic rocks have been subdivided by Dr. Henderson and 
others* into the Mount Arthur or Upper Aorere Series (Upper Ordovician ?) 
and the Haupiri Series possibly Silurian in age. The rocks forming most of 
the 800 ft. bluff to the east of Takaka River belong to the Mount Arthur 
Series, which includes quartzites, grey and black phylliti's, marbles, chloritic 
schists, and ajfenxl igneous rocks. The Haupiri Seri(\s of brec;cias, grey- 
wackes, &c., occurs to th<5 north and west of the ari^a here examined. 



Eic. 2. —View ol asbestos eJaim looking north-east. I’lie asix'sto.s- bearing zone b(*tween 
Asbestos and (Jabbro ereeks is m the middle distance, a bush-ooverixl precipitous 
bluff in background. 


Ultrabasic and basic rocks are typi(;a.lly iiitimat(‘l\’ associatinl with each 
other in this area, where lenses and dvkes of the gabbroic types liberally 
occur M'ith rocks of the more basic typ(\ The liasic rocks are mainly 
pyroxenite and gabbro, hut felds[)ar-])orphynte dykes are .abundantly 
developed ; the gabbros are further differentiat(‘d into dark and light coloured 
fractions. All these rocks havt‘ been hvdro-th('rnially altered to some 
extent, the mam effects noted being uralitization and chloritization of the 
pyroxene, saussuritization of the feldspar with epidotization of the rock as 
a whole. In the pyroxenites, lime metasomatism has producc'd a garnet- 
rich rock comparable with the “ rodingitt* ’’ of Nelson (Grange, 1927) ; 
on the other hand, serpentinization of the pyroxenites with occasional 
asbestos formation is not uncommon. A basalt dyke in tin* pyroxenite has 
been reported by Dr. Henderson (1923b, p. 186), but a (piestion of nomen- 
clature apjiears to bo here involved. 


* Published maps of the Motueka Bulletin which has not yet been printed. 
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The peridotitic differentiate, as far as the writers are aware, has been 
completely serpentinized to chrysotile, bastite, and to an antigorite-Uke 
serpentine which, however, laeJks the typical thorn structure so well developed 
in antigorite rocks of the Mikonui area (Morgan, 1908, p. 122) and elsewhere. 
Two types of serpentinites* have been distinguished in the field (Henderson, 
1923b, p. 185 ; Jones, 1939, p. 139) : one type forms prominent outcrops and 
exhibits rough weathering surfaces stained red and brown, whereas a smooth 
surface, usually whitish in colour, is characteristic of the other type. It 
has been suggested bv W. M. Jones (1939, p. 140) that the red ser])entinite 
“ zone ’’ is the remnant of a marginal shell of the serpentinite body adjacent 
to the contact with the intruded sedimentaries. This postulates, however, 
a position of the sedimentaries for which field (evidence is lacking. Moreover, 
the two distinctive types of weathering have been recognized in serpentinites 
in many other areas where there is no question of contact with overlying 
beds ~ e.fj.i the Great Serpentine Belt of New South Wales (Benson, 1913, 



Fio. 3.“ -Faulted rodingite ” lease in asbestos- bearing zone between Asbestos and 
Gabbro creeks ; a vein of asbestos surrounds the lense. 


p. 671). Analyses quoted by Dr. Hendeiaon (1923b, [>. 187) indicate that the 
“ white ” type is more purely niagnesian than the type weathering to a red 
crust. Further study is required, but a possible explanation suggested by 
Dr. C. O. Hutton is that the weathering expresses textural and jnineralogical 
differen(;es resulting from the shearing of the serpentinites. Talc-magnesite 
and (juartz-magnesite rocks (Wellman, 1942, 1943) are common ; they occur 
in large boulders present in the vicinity of the lower part of Gabbro Creek 
and in situ on the western boundary of the area under review. 

Structure — The basic and ultrabasic rocks are considerably fractured 
and faulted by movements post-dating the period of serpentinization (Fig. 3). 
In the relatively flat area between Asbestos and Gabbro creeks an intensely 
shattered body of asbestos- bearing serpentinites is present. Parallel faults 
striking 25° west of north are suggested by the occurrence of downward - 
stepping blocks of serpentinite in the higher part of the area. 

* Following Lodochnikow (1933, p. 728), Berpentinite is used to denote rocks con- 
sisting almost exclu.sively of minerals of the serpentine group. 
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Flora Survey District, North-west Nelson 

Chkvsotiik Asbestos 

Slip-fibre. Slip-fibre is irn^giilarly distributed, generally in aggregates 
(less than 5 in. in length) of very short fibres lying parallel to and within 
th(* planes of shearing in the serpentinite. A mill test of 405 11). of hand- 
picked slip-fibre from Holland's Cut proved very disappointing, yielding 
only 1 lb. of ungraded fibre. No further reference will be made to slip- 
fibre, though il should be understood that this form ma\' make a 
<jontribution to the total output of fibre. 



F’lo. 4. Asbcstos-noh shell ('spheroid” type) whicli siiTTunridN 
a larger eor(‘ of barren s(‘r]>entinite. 


Cross-fibre.— Three modes of occurrence can be distinguish(‘(l lor veins 
-of cross-fibre, the individual fibres of which arc more or less per})endicular 
.to the vein walls : 

(a) The '^Boulder'' or " Sjfheroid Type. This tv])c, abundantly de- 
. veloped on the western slojies of the area (^xamin(*d, has been 
described by Dr. Henderson (1923a, ]>. 121). Although some up 
to 3 in. have been found, the asbestos vtuns ar(‘ usually less than 
in. wide, and an* arranged in ribbon fashion around s])heroidal 
or pillow-shaped masses of serpentinite which range from a few 
feet to a chain or more in diameter. The vein-bearing zone 
(Fig. 4) forms a shell (6 in. to 30 in. thick) surrounding a con^ 
of serpentinite in which few or no veins are present. Cuts (less 
. than 100 ft.) have been made in this area, but only barren fractured 
serpentinite has been encountered. 
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(6) “ Contact ” Type . — An asbestos-ricli zone is usually present at the 
contact of serpentinite with gabbro lenses. In the crush-^oiie 
between Gabbro and Asbestos creeks, veins of asbestos form peri- 
pheral zones surrounding gabbro lenses or “ boulders ” (Fig. 3) ; 
W. M. Jones (1939, p. 126) has described another occurrence 
30 chains north-east of Mr. Chaffey’s cottage. . The maximum 
observed width of this zone is 2 ft., but generally it is only a few 
inches wide. 

(r) The most important asbestos so far discovered is in the flat area 
between Asbestos and Gabbro creeks, where prospecting revealed 
a solid block of serpentinite traversed by a continuous network of 
narrow (less than i in.) asbestos veins (Fig. 5). This block is 
surrounded by intensely crushed serpentinite in which nearly all 
the fibre is destroyed. Alteration of the fibre to talc has been 
observed in the crushed material and rarely in the solid serpentinite 
block. 



Fia. 6. — l^lan of proapcctjng cariaetl out between Asbestos and CJablu’o ereeks. 


Origin . — Although a detailed discussion of the origin of the asbestos is 
outside the scope of this paper, several points may be noted. It is now 
generally agreed that serpentinization of peridotites is an autometasomatic 
alteration occurring during the same cycle of igneous activity as the injection 
of the ultrabasic magma. In other words, “ the ultra-basic stews in its own 
juice ’ (Hess, 1918, ]>. 635). This fact has an imj)ortant economic applica- 
tion, since the Flora serpentinites (with associated asbestos) may be expected 
to continue to de[)th. In the Flora district, solutions or fluids from the 
ultrabasic magina in excess of that required for serpentinization appear to 
have formed asbestos in joints produced at the completion of serpentinization 
of the peridotite, in partings at serpentinite-gabbro contacts, and in fractures 
resulting from tensional stress. The formation of a continuous network 
of asbestos veins such as is described in type (c) above seems related to the 
presence of a closely spaced fracture system in the serpentinite, whereas 
fracturing produced by tensional stress does not appear to be so dominating 
a factor in the more localized asbestos occurrences' of the spheroid ’’ and 
“ contact ’’ type. 
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Flora SruvEY Dtsthtct, North-west Nelson 

Quant Although iiisufficient diita on (]uaiiiity are availa]>le, a small 
economically imj)ortant l)lock (approximately 3(K)ft. by 80 ft.) has been 
])roved in th(‘ crush-zone between Asbestos and Gabbro cr(*eks. Asl)estos 
of tlie “ spheroid ” tv])e is developed abundantlv on the western slopes of 
the area, but it aj)pears to be too irregular for systematic miiung. Further, 
promising asbestos outcrofis have been re])orted (Henderson, 1923a, ]). 121) 
in the serjientinite r(‘gion outside the area examined in this r(‘port. 

Tt is [lertinent to impiire into tin* experience gained in South Africa and 
Canadian avsliestos fields about conditions at depth. F. F. Kec]) (1931, p. 3) 
states : It is extrenu'lv rare (in Southern Rhodesia) for chrysotile asbestos 

di^posits to show any general change in ijuantity or length of fibre at depth, 
the average values in succeeding zones at dejith lieing rinnarkably constant.” 
In the Thetford district of Quebec “ core-drilling to (h‘j>ths gri^ator than 
1,700 ft. has rev(*aled the presence of fibre com])arable in rpiantity and 
quality with that in tlK‘ present workings *' (Bureau of Mines, 1939, 
p. 34). Th(' following statenuMit of mining opi'rations at King Pit, 
Thetford district, may be applicable ; A system of underground mining 
has been d(‘velo]>ed, 3,(K)0 ft. of drifts and cross-cuts driven and seven stopes 
opemMl up. (k)sts of underground mining compare favoiirabl> with open- 
pit work, w'inter work is mor(‘ stead\ and the finished filire contains h'ss wood ’’ 
(Ross, 1931, ]). 31). 

The writers consid(‘r that the prosp(‘cting to date is imuleijuate for thi‘ 
assessment of tin* asbestos deposits as a whole. Further invi'sligation is 
reejuired to indicate the full extent of the asbestos-bearing block or blocks 
in tin* crusli zone lietween .\sbestos ainl Gabbro creeks, and to show whether 
this crush zone extmids southward between Camp and Asbestos creeks. A 
drill-hol(‘ situated, for (‘xample, neai the red w'(‘a,thered serjientinite betweiui 
Asbestos and Cam]) cr(‘(*ks (Fig. 1) would r<*vea] the nature of the underlying 
rock and indicate wdiether additional drilling wt)u 1(1 In* required. If drilling 
is considered too difficult, how'cver, the driving of adits would be elhcieiit, 
as showui by the prospecting carried out betwei n Asbestos and Gabbro 
creeks. An unknowm factor is whether the alteration of fibre to talc which 
has ln*en observinl rarely in the asbestos-bearing block b(*tween Asbestos and 
Gabbro creeks In'comes more widespread at de])th. More magiH'tic observa- 
tions may give assistance, for W. M. Jones (1939) w’as able to dmnonstrate 
that a large magnetic anomaly exists over the asb<*stos- bearing block betwnnm 
Asbestos and (fabbro creeks. Althougli admit t(*d]v the prospects are not 
bright, the “ sjiheroid ” type of asbestos .should In* t*xplored. .Vsbestos 
outcro[>s outside the S(*r])entinite area examined in this rejiort should be 
investigat(*d. 

Quality . — An analysis of the “ spheroid ” tyfn* of asbestos is comjiared 
with Canadian and South African fibre in Table 1. The Dominion Analyst 
reported that fibres embedded in fire-clay and heated in a crucible in a coke- 
furnace ’to a temjierature of 1,530” o. showed no sign of fusion, although the 
•colour had changed to a pale-yellowish shade ; fibn*s r(‘adily fused in the 
blow-pipe flame (Henderson, 1923b, ]>. 19t)). 

Uses . — Although a conqdete inventory of the us(*s to which asbestos can 
be put is not possible here (a com])lete list is given by Ross, 1931, pp. 125-32), 
some of the more important jiroducts in which it is incorporated can be listed : 
automobile brake-band linings, heat insulation materials, and building 
materials such as wallboards, corrugated sheeting, and tiles. For the latter 
uses, short non-spinning grades of fibre are mainly enqiloyed ; the fibre of 
the Flora Survey District is mostly of this type. 
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Kilica(Si02) 

Alumina (AlgOs) 

Ferric oxide (Fe,Oa) 

Ferrous oxide (FeO) 

Magnesia (MgO) 

Lime (CaO) 

Potash (K jO) . . 

Soda (NaaO) .. 

Water above 106® c. 

Water below 106® c. 

Carbon dioxide (CO ,) . . 

Titanium dioxide (TiO ,) 
Zirconium dioxide (ZrO ^ 
Phosphorous pentoxide 0^ gO 5) 
Sulphur (S) 

Chlorine (Cl) . . 

Chromium trioxide (Cr^O^) 
Manganous oxide (MnO) 

Nickel oxide (NiO) 

Baryta (BaO) . . 

Strontia (SrO) . . 


Table 


-Analyses 


* 

(1) 

(2) 

(») 

41-97 

39*42 

42-15 

1-13 

0*72 

0-58 

1-14 

2*13 

1*46 

0-63 

1*07 

0-96 

.. 40*63 

43*07 

40-76 

0*04 

Nil 

Nil 

. . None 


N.d, 

. . Non€* 


N.d. 

12*59 

13*57* 

13*11 

2*13 


0-92 

. . None 

. , 

Nil 

0-04 


N.d. 

None 



, . None 


N.d! 

. . Trace 


Trace 



Trace 

. . None 

Trace 

N.d. 

0*07 

, , 

0 -10- 

0*13 


0-lT 

. . None 


, . 

None 



100*40 

99*98 

100 * 20- 


* The fltcure represents combined water after all sami)le8 were dried at lC6*c. 


(1) Chrysotile asbestos (“ Spheroid Type Flora Survey District. Analyst, F. T. 
Seelye (Henderson, 1923b, p. 187). 

(2) Chrysotile asbestos, Thetford District, Quebec. Average of eleven analyses. 
Analyst, E. A. Thompson (Ross, 1931, p. 20). 

(3) Chrysotile asbestos, Belingwe District, Southern Rhodesia. Analyst, E. 
Golding (Keep, 1929, p. 118). 
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LIMESTONE AT MOTATAU 

By J. Healy, New Zealand Geological Survey, Department of Scientific 

and Industrial Besearch 

[Jifceived for publication, 3rd September, I94o\ 

Summary 

A brief description is ^iren of a block of limestone a little o\'er 40 acres in 
area. The area is part of the largest single limestone block in North Auckland, 
and is situated at Motatau, some twenty-three miles north-west from Whangarci. 

The rock is hard, flaggy limestone striking north-east and dipping at high angles 
to the north-west, and is overlain unconformably on the higher ridges by 
younger sandstones. 

Six specimens were collected and analysed, giving a content of calcium 
carbonate ranging from 41 per cent, to 70 per cent. At the northern end, 
2,500,000 tons of limestone containing from 63 per cent, to 70 per cent, calcium 
carbonate are available, and 4,0tK),000 tons containing less than 60 per cent, 
calcium carbonate in the southern part, all with practically no overburden. 

The writer visited the area on the 27th and 20th March, 1945, to make a 
geological survey of the limestone deposit and collect samples for analysis. 
As the exact location of the area previously surveyed was not known, pegs 
were located along th<' back boundary, and these were surveyed in by 
chain and compass, and are shown in the plan. No pegs were found on 
the railway boundary, so a boundary has been assumed which gives a 
slightly greater area than the correct one, but this does not affect the 
quantity of limestone, as tlie boundary in question runs along hm<l which is 
not limestone. 

Location. — The correct area of 41 acres 3 rootls 29 perches forms part of Motatau 
No. 2 Block, Section 49a 2, which immediately adjoins Motatau Railway -station on the 
cast side. The limestone area lies in the south-west corner of the above section, and is 
bounded on the west by tlu* railway, on the south by the southern boiiudarv fence of 
the same section, on the east by a fence idongside pegs IX, VIII, VI T, and V. then on 
the east and north by lines through pegs V, J V, III, II to another on the railway boundary 
not located by the writer. 

In this report, and as shown in the plan, the northern boundary meets the 
railway fence at the northern toe of the first ridge south of Motatau Railway-station, 
through which a cutting passes. The point of contact is the first post south of the new' 
drain here, and a datum level of 170 ft. above sea-level was assumed for this point. 

The northern end of the limestone deposit is within one-quarter of a mil(‘ south of 
the Motatau Station, and at its nearest point 3 chains east of tli(i railway-line. 31otatau 
is thirty -tw'o miles by rail from Whangarei and twenty-one miles from Opua. By road 
the deposit is reached by leaving the main north highway at Maromaku. 

Topoffrapht/.—The limestone forms a ridge trending a little west of ncirth, parallel 
To the railway -lino and to the east of it. Two spurs project west across the railway, 
which passes through them in cuttings, the northern spur being of sandstone and the 
southern of limestone. Between them is a grassy flat averaging 2 chains in width and 
paralleling the railway for 10 chains ; south of the southern spur is a swampy flat, half 
the area of the former. Beyond the spurs and flats the ridge risi's steeply to a height 
of 696 ft. above sea-level at *20 chains east of the railway in the south, and to 391 ft. at 
8 chains east in the north. 

Drainage from the area crosses the railway to swampy ground on the west bordering 
the Ramamma Stream, wliich flows north to the Kawakawa River. The block is 
divided into two topographic units by a gully in which.a small stream flows south-west 
^across the area. North of this gully the limestone reaches to the top of the ridge at 
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391 ft. above sea-level. To the south, the ridge, which reaches 696 ft. above sea-level,, 
is capped by sandstone. The eastern boundary of the southeni block lies along the 
crest of the ridge of sandstone. * The eastern boundary of the northern block follows a 
fork of the dividing gully cut into limestone, and the northern boundary cuts across a 
saddle of limestone separating the block from rising limestone ground to' the north. 



Fig. 1. 


The northern block is fringed on the north by lower slopes of sandstone which run 
west as a low spur mentioned above. The limestone slopes are steep. ' The southern 
block is partly cut by a gully, dry in the upper half, which drains west into the southern, 
swampy flat, and heads back into the sandstone at a point where it overlies the limestone* 
at approximately 600 ft. above sea-level. 
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The limestone is the oldest rock present, and is regarded as belonging to 
the Onerahi Series of Eocene age, or perhaps slightly older. The beds 
strike north-east and dip north-west at angles of from 60° to vertical The 
limestone is hard and flaggy, varies from grey to greyish -white in colour, 
and has undergone intense folding. It is closely intersected by joints. 
A marly phase was found interbedded with the harder limestone* in the 
southern block and is shown on the map. The minimum vertical thickness 
of the limestone beds exposed in this area is 1,400 ft. ; and the total thickness 
extending into the area to the south may be several times this amount. 

To the north-west, within the area under discussion, the limestone passes 
u}) into sandstone, a weathered variety of which may be seen in the railway 
cutting. Its relationshi}) with the limestone is not known and was not 
investigated, but from the topographic appearance it overlies the limestone 
with similar disposition, so it has been classed pro tern as an u})per facies of 
the Onerahi Series. • 

A fine-grained sandstone overlies the limestone highly uncomformably, 
and is identical with similar sandstones in adjacent districts which have been 
referred to the Whangarei S(*ries. The sandstone forms a strip varying from 
3 chains to 5 chains in width within the eastern margin of the southern block. 
Another })atch, 3 chains by 4 chains, rests on the eastern slopesbf the northern ' 
limestone block, but is probably not more than 10 ft. in thickness. The 
surface of the limestone prior to the deposition of the Whangarei sandstone 
was apparently extremely irregular, as the contact varies from 500 ft. above 
sea-level near peg IX to 320 ft. above sea-level at peg V. 

Similar conditions hold for tte suriounding district, where most of the 
ridges reaching to comparable levels are capped with residual renmants of 
Whangarei sandstone. The sandstone apparently formerly extended over 
the entire area, but has been removed by erosion from all but the higher 
and Inoader interfluves. 

The swam})y conditions of the Ramarama Stream have been caused by 
alluviation following obstruction by basalt flows in the Kawakawa valley 
and/or subsidence of the land generally. 

Quality of the Limestone 

Six samples were taken from the area. In each case a composite sample 
was obtained by taking a series of small specimens from a face or line, and 
the location and extent of each specimen is shown on the map. It was thus 
expected that analysis of each sample would give an average quality of the 
rock** for the zones of collection. The analyses were carried out by Mr. 
Arnold, Department of Agriculture, Whangarei, and the results, which are 
expressed as percentage of calcium carbonate of the whole, can be safely 
assumed to be within 2 per cent, correct : — 

Sample I, from limestone face, 2 chains north of south boundary : 
61 per cent, calcium carbonate. 

Sample 2, from upper part of dry gully in southern bloclc : 60 per 
cent, calcium carbonate. 

Sample 3, from main spur, southern block : 58 })er cent, calcium 
carbonate. 

Sample 4, from marly phase, main spur, southern block : 41 per 
cent, calcium carbonate. 

Sample 5, from gully between north and south blocks : 63 per cent, 
calcium carbonate. 
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Sample 6, from eirtire west face, nothern block : 70 per cent, calcium 
carbonate. 

It would thus appear that the quality of the rock improves towards the 
highest horizons of the limestone. To east-west spurs and the gullies are 
adjusted to the structure of the limestone, and the main spur of the southern 
block appears to be caused by an especially resistant strata of the limestone, 
from which sample 3 was taken. Between the marly band from which 
sample 4 was taken and the gully to the south, much of the slope is masked 
by surface material slipping down the slope, and outcrops of hard limestone 
are not so conspicuous as elsewhere' so there is every possibility that there 
is further development of the marly phase there. The rock between the 
outcrop of marl and the gully is almost certain to contain less than 60 per 
cent, of calcium carbonate. 

It is evident, therefore, that the limestone of the southern block is likely 
to average at the very most 60 per cent., and in all probability less. Much 
of the northern block, on the other hand, is likely to average from 65 })er 
cent, to 70 per cent, of calcium carbonate. 

These results are, on the whole, unpromising, and before any large-scale 
attempts are made to work the deposit as a whole it would be desirable to- 
prospect further by open cuts or bores. 

Quantity of Limestone available 

It is estimated that a minimum quantity of 2,500,000 tons of limestone 
between 63 per cent, and 70 per cent, is available from the northern block, 
on the assumption that the rock is quarried to* the level of the 2(X) ft. contour. 

To the same level through the southern block, it is estimated that at least 
4,000,000 tons of limestone of 60 per cent, and less are available, back to the 
edge of the Whangarei sandstone. 

Overburden 

Over most of the area the overburden is practically nil, as bare rock 
projects through the surface at frequent intervals. 

The j)atch of Whangarei sandstone resting on the eastern slopes of the 
northern block is not very thick, and is likely to be less than 10 ft. 

The northern slopes of the gully in the southern blocks are masked by 
loose surface sandstone and limestone slipped from above to an unknown 
depth not likely to be more than a few feet. Otherwise the upper levels 
of the limestone are covered in between outcrops by thin overburden of a 
few feet only. 

The lower slopes pf the limestone area are likely to be masked by slipped 
material to an unknown depth. 

Without any exact information on the points above it would be impossible 
to assess a figure for quantity of overburden, but, on the whole, it can be 
said to be extremely light. 

Other Limestone Deposits 

Within several miles of Motatau, both alongside and away from the 
railway, are extensive deposits of the limestone similar in nature to that 
described in this report. These are unmapi)ed, and the writer has no know- 
ledge of the quality of the limestone. Further investigation would be 
necessary to determine these points, but in deciding to open up a large quarry 
^thpy should be borne in mind. 



1945] 


Wellman. — Takaka Coalfield 


189 


TAKAKA COALFIELD 

By H. W. Wellman, New Zealand Geological Survey, Department of 
^ientific and Industrial Research 

[Received for publication^ 13th Reptemher^ lU4o] 


Summary 

The geology of the Takaka coalfield is desoribed*, .spt*( ial mention being 
made of the structure, which is well defined by limestone outcrops. Plans 
and cross-sections illustrating the geology and structure are presented and 
suggestions made for testing the deeper parts of the field. 

Introduction 

The township of Takaka lies on the east bank of the Takaka River, about 
four miles from its mouth, and is the centre of a small, rich farming district 
roughly co-extensive with the coalfield. Access to the coalfield is good and 
no part of it is more than a mile from a formed road. Outlying settlements 
within the coalfield are the coastal villages of Motupipi and Pohara and the . 
cement- works at Terakohe. Coal has been worked in a desultory manner 
in the Takaka district for nearly a hundred years to produce a few thousand 
tons of open-cast and shallow-dip coal from thin seams. The coal is 
sub-bituminous and has a medium to high sulphur content. Mapping was 
done on a scale of 20 chains to an inch and was based on the excellent 
topographic map published with the N.Z.G.S, Bulletin No, 3, 

Topography and Drainage 

The coalfield rises only a few hundred feet above sea-level and lies at the 
north end of the Takaka Valley, a tectonic depression between the Haupiri 
and Pikikiruna ranges. The Takaka River flows north to Golden Bay near 
the middle of the depression, being joined within the coalfield by the 
Waingaro, Anatoki, and Waikoromumu rivers, three large streams that 
flow east from the Haupiri Range. On the other side of the valley the steep 
but even western scarp of the Pikikiruna Range has not been greatly modified 
by the small streams that cascade down it before pursuing meandering 
courses over the Takaka Valley. The length of these sub-parallel streams 
decreases north-eastward ; Rameka Creek and Dry River, which flow into 
the Takaka and Motupipi rivers respectively, being the longest. Kitty, 
Gibson, and Ellis creeks flow into the Motupipi estuary, and Winter Creek, 
the smallest and most easterly, flows direct to Golden Bay. The central 
part is drained by the Motupipi River, a small stream that flows north-east 
from the township of Takaka and reaches Golden Bay as a shallow tidal 
estuary. The coast of Golden Bay, the north-eastern limit of the coalfield, 
is only five miles long, but varied. On the west side, at Waitapu Hill, the 
undermass rises ‘nearly 500 ft. above low sandhills that cover the coastal 
strip east to Pohara. Cliffs of limestone extend from Pohara for two miles 
to Ligar Bay, where they form a rugged coast and provide a useful harbour 
for the cement-works at Terakohe. 

Previous Geological- Descriptions 

The geology of the Parapara Subdivision was described by Bell (1907), 
who lists and discusses earlier geological literature and gives much infor- 
mation about the coalfield. Motueka Subdivision adjoins Parapara Sub- 
division to the south and was later mapped by Henderson, Grange, and 
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Macpherson ; and maps on a scale of one mile to an ii i were published. 
The structural depression, the northern part of which ccwitains the Takaka 
coalfield, extends south to Takaka Survey District, part of the Motueka 
Subdivision. Althpugh marine Tertiary beds are well represented, coal 
measures are abnofet absent, and no workable coal has been reported in 
Takaka Survey District. 

Stratigraphy 

Bell (1907, p. 49')* divided the Tertiary beds into three groui)s : — 

(3) Blue and yellow clays. 

(2) Limestone, in places arenaceous or argillaceous. 

(1) (a) Quartzose conglomerate. 

(b) Conglomerates, shales with coal-seams, and sandstones. 

N Finlay and Marwick (1940, p. 120) state that the limestone is not younger 
than Waitakian and that the overlying marl, the base of Bell’s “ blue and 
yellow clays,” is of “ true ” Hutchinsonian age. The following are the 
ages adopted in this report and the thicknesses of the formations mapped : — 

Ft. 

* ^ Awamoan- Hutchinson : Mudstone and marl . . ... . . 500 -|- 

•Waitakian : Limestone . . . . . . . . :200 

Age unknown : Oial measures .. .. .. .. (0-2,000) 

Unconformity. 

Palteoxoic basement : Marble, schist, and granite. 

The mudstone, the uppermost member of the Tertiary sequence j)re- 
served, is confined to the deeper parts of the synclines, where erosion has 
reduced its thickness to a maximum of 500 ft. A stratum of fossiliferous 
.sandy marl separates the mudstone from the underlying limestone. The 
limestone extends for 200 ft. below the sandy marl and changes little in 
thickness or composition within the coalfield. It is far more* resistant to 
erosion than the other Tertiary beds, and is exposed as several conspicuous 
escarpments. The coal measures below the limestone vary considerably in 
thickness and contain seams of coal which form the economic basis of this 
report. 

Maidstone , — It is convenient to consider the mudstone first, for, although 
» it covers a total area of 4 square miles, it is mostly overlain by recent 
gravels. It is soft, easily eroded, and never rises far above base level, and 
outcrops are few. Although deeply weathered and with ill-defined bedding 
planes, the mudstone is structurally important as it marks the synclines, 
being the highest bed in the Tertiary sequence. The largest area of mudstone 
is in the main syncline which defines the centre of the Takaka depression. 
The syncline extends due north from Rameka Creek to the coast between 
Waitapu Hill and Motupipi and is covered by an almost continuous sheet 
of recent gravels, mudstone being exposed only at the south. Both flanks 
of the syncline are exposed in Rameka Creek, and on the West side a few 
chains from the Upper Takaka Road the gradual transition of mudstone to 
sandy marl and then to limestone is clearly shown. The Rameka Creek 
outcrops were incorrectly mapped by Beu as coal measures, the only 
mudstone mapped by him within the whole coalfield being part of a narrow 
strip within a smaller syncline that extends from the Terakohe cement- 
works near Ligar Bay almost to Kitty Creek, 

Limestone. — The limestone, being far more* resistant to erosion than , 
either the overlying mudstone or the underlying coal measures, often forms 
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^conspicuous escarpments that enable the structure k) be mapped with sbme 
certainty. The structure for the whole length of the west side of the 
coalfield is clearly defined by a gentle east-dipping escar])raent which extends 
on the east side of the Takaka River from half a mile south of Payne’s Ford 
north nearly to ({olden Bay. The escarpment is not continuous, but is 
interrupted by the gravel-filled valleys of lower Rarneka Creek and upper 
Motupipi River. At the south end of the field the band of limestone that 
forms this escar])ment dips gently eastward beneath the mudstone that 
fills the main syncline, reappearing as the limestone hogback that follows 
the foot of the Pikikiruna scarp for five miles from Rarneka Creek to the 
coast at Ligar Bay. For the whole of this distance the hogback is a 
strikingly continuous topographic feature broken only by the narrow gorges 
of the Streams that fiow through it from the Pikikiruna Range. Between 
the limestone and the scarp of the range is a sheltenul valley cut in the 
softer coal measures. Another band of limestone exkmds from Kitty Creek 
to the coast at Ligar Bay. It is half a mile north-east of the limestone 
hogback, sub-jiarallel to it over most of its length, but connects at both 
ends to enclose the small synclinal area of mudstone. This limestone band 
is well exposed in the, coastal cliffs that extend from Pohara to Ligar Bay. 
Another band of limestone branches from the hogback at Kitty Creek. 
It is not continuously exjiosed, but outcrops show a gradually increasing 
westerly dij) as it is traced to the north. The three bands of limestone join 
near Kitty Creek, where, by a fortunate accident of erosion, the mudstone 
having been evenly strijiped from the top of the limestone, every detail of 
a somewhat complex junction of fold axes is clearly shown. Although the 
limestone has been so strongly folded that within 3 chains the dip is first 
to the west at 70'^ then horizontal and then again to the west at 17°, no 
faults were* seen, the limestone having adjusted itself by the formation of 
a well-marked conjugate joint system intersecting in the direi^tion of the 
fold axes. The horizontal part of the above fold reprcvsents the termination 
of the small mudstone-filled syncline described above. 

The only other regular band of limestone has already been described by 
Bell, who states (1907, p. 58) : “ on the eastern bank of the Motupipi River 
a band of limestone extends from the river mouth to near the bridge on the 
Takaka-Clifton Road. It apparently has a steep dip to the west, but this 
is probably due to the undermining action of the river, the underlying strata 
lying fairly horizontal.” Neither the explanation nor the whole of the 
facts given b}" Bell can be accepted, for nearby coal-measure sandstone was 
found to dip as steeply as the limestone. Moreover, the dij) of the limestone 
is quite regular, decreasing from 60° at the mouth of th(‘ river to less than 
45° near the bridge. The limestone must be accepted as part of the steep- 
dipping west limb of a fold analogous to the limestone hogback along the 
foot of the Pikikiruna Range. 

\ 

The outcrops of limestone that have been described enable the structure 
of most of the field to be mapped with some confidence ; but the structure 
of the remaining part, especially that between the lower reaches of Dry 
River, Motupipi, and Clifton is less certain, for no continuous outcrops 
occur, but the presence of limestone is deduced from scattered outcrops, 
sinkholes, and dry stream beds. From this scanty evidence it is inferred 
that the steep-dipping belt of limestone at Motupipi River extends south 
along the valley of Dry Creek, then doubles back on the west side of a 
coal-measure svncline exposed on the coast at Motupipi, and then finally 
swings to the south again to the steep-dipping band of limestone in Kitty 
Creek already described. 
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Cofd Measures , — ^Coal measures are exposed in three parts of" bhe coalfield 
on the eastern side as a narrow steep-dipping seven-mile-long belt between 
the limestone hogback and the Pikikiruna Range ; as a flat-dipping belt 
on the west side of the field from Waingaro River north to Waitapu Hill, 
and on the south shore of Golden Bay from Motupipi to Pohara. 

The steep-dipping belt along the foot of the Pikikiruna scarp provides 
k the best sections ; the most complete, at Dry River, showing at least 
1,700 ft. of coal measures. Although the beds dip steeply east, there is 
no more than 3° variation from the average 57® dip, and even this may 
merely represent depositional irregularities. The strike is equally regular. 
Outcrops, although not continuous, are sufficient to indicate the general 
lithology and to suggest the probable thickness of the coal seams. The 
limestone grades down into a 100 ft. band of quartz sandstone, which 
overlies the first definite non-marine bed. Below come 3 ft. to 10 ft. beds 
of alternating sandstone, mudstone, and shale. Twenty seams of coal are 
distributed throughout the section, but the thickest is only 4 ft. There is a 
noticeable difference between the upper §nd lower part of the section. The 
upper quartz sands are clean and contain little clay, whereas the lower 
ones are argillaceous and interbedded with thin beds of white clay. Some 
beds of clay may have economic importance, and an analysis is given by 
Bell (1907, p. 61). The stratigraphic lowest and most easterly outcrop, 
quartz and schist conglomerate, is exposed on the south side of tht? stream 
not far from marble, which forms the undermass of the scarp. In 
Kitty Creek, the next creek to the north-east, coal measures are 
vertical. Although a seam in this stream, was mapped by Bell, it 

was , not reobserved. About half a mile farther north-east in Gibson 
Creek ' deformation reaches a maximum and the coal measures are 
locally overturned so that they there dip steeply below the marble undermass. 
No basal conglomerate was seen, and the contact between the coal measures 
and undermass may be a reverse fault. Below the marbl6'^ comes 30 ft. 
of shale, 4 ft. of coal, 1 ft. of clay, and a further 1 ft. of coal. The 4 ft. 
seam has been worked, and an attempt was made to mine coal 3 chains 
downstream where two drives followed stratigraphicall}' higher seams along 
their strike. The base of the limestone, a chain downstream from the 
drives, is not overturned and dips north-east at 60®. Deformhtion continues 
to rapidly decrease downstream and the top of the limestone dips at 35® 
only. Deformation also decreases northward along the foot of the scarp, 
and at the south end of Ligar Bay the dip is but 15®. 

On the west side of the field, coal measures crop out at several places 
close to the footbridge over the Anatoki River, two and a half miles 
south-west of the township of Takaka. The most northerly outcrop examined 
is on the north side of the river half a mile downstream from the bridge. A 
continuous 15 chain section of moderately soft sandstone, mudstone, and 
shale dips evenly eastward at 10®. Underlying beds on the opposite side 
of the river immediately below the footbridge show thin seams of coal, 
which also dij) east at 10°.. A 9 in. seam has been prospected a few chains 
south of the bridge and is probably the continuation of one of the seams 
exposed in the river. Half a mile farther south and near a small tributary 
of Go Ahead Creek a drive extends west for 5 chains through the base of the 
coal measures under a gravel veneered terrace. Near the portal, sandstone, 
which dips east at 10®, is underlain by deformed mudstone and shale. 
Leached schist is exposed at the end of the drive, but the coal-measures 
contact is hidden. No coal was seen. The group of outcrops just described 
at the extreme west part of the coalfield form the base of the coal measures 
and rest on the undermass at the foot of the Hanpiri Range. The middle 
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of the coal measures are obscured by the gravels that cover the Long Plain 
between Anatoki and Waingaro rivers ; but a thin section of the upper 
part shows immediately below limestone both at Payne’s Ford and a mile 
north of Takaka. The best section is 7 chains south of Payne’s Ford, where 
limestone overlies 50 ft. of massive sandstone and alternating bauds of 
sandstone, shale, and thin coal. A 3 ft. to 5 ft. seam was worked and is 
described in Mines reports, but no longer crops out. Coal was also worked 
north of Takaka, but the workings are overgrown and little can now be seen. 

Coal measures are well exposed in coastal cliffs, near Motupipi for half a 
mile on both sides of trig. DD. On the west side the structure is not simple. 
Near the mouth of Motupiin River the beds dip steeply west parallel to 
overlying limestone. Where next seen, 20 chains from the river, they are 
dipping east at 27*^. The east dip then regularly decreases until a synclinal 
axis is reached at trig. DD. West of this axis the beds dip from 10^^ to 
20° south-west. Old workings are indicated by a colla]>sed drive 3 chains 
west of the synclinal axis and by traces of opencast workings below high- 
water mark on the other limb of the fold, 20 chains east of the trig. In 
the same area, but away from the coast, Bdl (1907, p. 56) records that for 
many years previously coal had been extracted from a pit about a mile 
south-west of trig. DD near the bridge over the Motu])i[)i River. There 
are now no outcro])s at this place and little indications of old workings. 
The top of the coal measures crops out at Pohara at the foot of old sea-cliffs 
near trig, Z and not far below the base of the limestone, 5fU‘t. of clean 
quartz sand, shale, and a few inches of coal being exposed. Tie* locality, 
being readily accessible, is of interest, for the exposed beds are flat and the 
underlying coal meavsures have not been prospected. 

A probable estimate for the total thickness of th(» coal measure.s can be 
obtained from many of the sections exposed in various parts of the coalfield. 
Although none of these sections is conqiletely satisfactory, wdien considered 
tygether they leave no doubt that the thickness varies greatly. The thickest 
reliable sectioff at Dry River shows at least 1, 600 ft. of coal measures. A 
similar but less rehal)le thickness is given by the low-dipping lieds west 
of Payne’s Ford. At the foot of the Pikikiruna Scarp near the head of 
Winter Creek a steep section shows only 800 ft. Possible faulting reduces 
the importance of this section, but there can be no doubt about the three 
sections at Taupo, Hainaiia, and Parapara, all outside the coalfteld, and 
each seven miles distant, and east, south, and north-east respecti\'ely of the 
mouth of the Takaka River. These are very similar and show the limestone 
resting almost directly on the undermass, the intervening beds being a few 
feet of quartz sand and conglomerate. Although there is little doubt about 
the reality of the variation in thickness of the coal iiKuisun^s, there is 
insufficient evidence to deduce the thickness over the whole field. It is 
certain, however, that the variations will be reflected by variations in the 
thickness of the individual coal-seams, and it will not be safe to assume that 
the seams will extend laterally for more than a few chains without significant 
variations. 

Structure 

The structure of the coalfield is dominated by the Pikikiruna Scarp, a 
major tectonic feature which forms its eastern boundary. Although this 
scarp has hitherto been considered a fault scarp (Bell, 19()7, p. 50 ; Cotton, 
1922, p, 187), the evidence is not conclusive, for no large dislocation of 
Tertiary beds has been proved. The steep dip away from the Pikikiruna 
Range, well shown by all the beds along the foot of the scarp and used as 
'Cvidentje for faulting by Bell and Cotton, is, in reality, evidence against it, 
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for it allows the eastward projection of the beds to clear the front of the 
scarp, and makes it possible that they once extended without a major break 
at least to the top of the Pikikiruna Range. The face of the scarp may well 
be the stripped surface of the western limb of the Pikikiruna anticline^ steeper 
hut otherwise similar to the surfaces first described by Cotton from other 
north-west Nelson mountains. Similar steep features have since been 



described from other parts of New Zealand by Cotton (1942, p. 174) as 
“ monoclinal scarps.” 

The structure pattern, deduced mostly from the limestone outcrops, is 
shown by 100 ft. contours drawn at the base of the limestone (Fig. 2). It 
clearly shows that deformation of the Tertiary beds is not confined ^ the 
immediate vicinity of the Pikikiruna Scarp as was suggested by Bell (p. 50), 
for two anticlines and a complementary syncline plunge south from Golden 
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Bay, then swing to the south-west almost parallel to the scarp before joining 
it. Although relative to the Pikikiruna scarp these folds are small, they have 
amplitudes of more than 500 ft. A third syncline to the west of the other 
folds defines the deepest part of the coalfield. This, the main syncline, 
extends due north from the southern part of the field to the Motupipi 
estuary and the coast, where it is separated from the Pikikiruna scarp by 



Fi(i. 3. 


the minor folds described above (Fig. 3, cross-sections A-B and C~D). The 
minor folds are absent in the southern part of the field and the structure 
is simpler, the Pikikiruna scarp forming the east limb of the main syncline, 
and the smooth stripped lower slopes of the Haupiri Mountains the western 
(Fig. 3, Gr~H). The marked asymmetry shown by the slopes of eastern and 
western flanks of the field is shared to a lesser extent by the minor central 
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folds, the east-facing limbs being rarely steeper than 10®, while the west- 
facing ones may exceed 60°. Although the folds tend to be overturned in 
the same direction, the pitch of the folds differs, the pitch of the crest of the 
Pikikiruna Range being to the north, opposite to that of the minor folds. 

The structure outlined above is quite different from that shown by Beirs 
cross-section, which was taken across the northern part of the field between 
sections A-B and C-D of Fig. 3 of this report. It shows the Takaka 
depression floored by thin horizontal coal measures, deformed only near the 
Pikikiruna scarp, and overlain by outliers of limestone. Neither the main 
syncline, the mudstone, nor the minor folds are shown. Bell consistently 
underestimated the Tertiary deformation, for he considered (1907, p. 60)* 
that the Tertiary beds “ within the Parapara Subdivision are not contorted, 
though subject to minor and sometimes pronounced irregularities in certain 
localities.” Most of these localities were mapped as faults. Cotton (1922, 
p. 184-7), when discussing the geomorphqlogy of the region, describes it 
in terms of blocks separated by faults and appears, like Bell, to have 
visualized a rigid basement broken by normal faults. The truth is more 
complex and the basement less rigid than the block hypothesis would have 
us believe, for deformation is not Confined to the main scarps, although it 
may be better shown there, but extends to the areas still covered by 
Tertiary sediments, and probably to the stripped anticlinal areas also. It 
has been shown that there is little, if any, evidence that the Pikikiruna 
scarp is a fault scarp. It is better considered as the stripped surface of the 
western limb of an anticline the axis of which is represented by the 
Pikikiruna Range. The folds within the coalfield then form a complex 
complementary syncline, and the Haupiri Mountains the next major anticline 
to the west. 

Coal 

The first mention of coal was made by Hochstctter (1867, p. 83), who 
stated that Mr. James Burnett had opened a pit at Motupipi in the early 
** fifties.” The coal was chiefly used by a small steamer trading from 
Nelson ; but, although work was continued for over a year, there is no 
record of the amount extracted. The next mention of coal being won at 
Takaka is in the Mines report for 1891, during which year 410 tons were 
worked opencast and from short drives at Motupipi. The seam was about 
5 ft. thick, but contained a stone band of 21 in. In 1893 the coal outcropping 
beneath the limestone bluffs on the west side of the Takaka River near 
Payne’s Ford was attacked. For many years mining in both areas was most 
desultory ; and between 1895 and 1920 there is a record of a small output 
for four years only. In 1921 mining began again at Payne’s Ford, the pit 
being knowm as Stone’s, Irvine’s, Waikohatu, or Abbotford. Since then a 
small output was listed each year from the coalfield till 1939, when coal-mining 
appears to have ceased. A total output of only 4,027 tons is shown on the 
records ; but, as most of the coal was used locally for domestic fuel and the 
lime-kilns at Motupipi and Payne’s Ford, the total is probably greater than 
that given above. The field has never been important, but the coal measures 
have not been tested at depth over large areas whete the structure is 
favourable. No new seams were discovered during the survey, and this is 
not surprising, for the field has been intermittently prospected for nearly 
a hundred years and all worth-while outcrops mined out. The following 
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table, which gives the position, thickness, and depth below the limestone 
of known seams over 2 ft., is based chiefly on Mines reports : — 

Table otvino Details of Coal-seams over 2it. Thick 


Lorallt\ 

Thieknesw, 
lu Feet. 

Depth from 
LimeHtune, 
in Feet. 

Authority for 
ThlekneHH. 

Stone’s, one mile south of Payne’s Ford . . 

3-5 

5I)-6D 

Mines report. 

Broxburne, Gibson Creek 

5-6 

7D0 (approx.) 

Mines report a 
observed. 

Golden Bay Mine, Motupipi, exact locality 
uncei'tain 

5 

4(M) (approx.) 

Mines report. 

Winter’s, Motupipi, exact locality uncertain 

2-3 

400 (approx.) 

Mines report. 

Dry River . . 

3-4 

150 

Observed. 

Dry River . . 

3 

520 

Observed. 

Dry River (largely shale) 

6 

1,180 

Observed. 


The table, which makes no pretence to accuracy, shows that the coal- 
seams are not confined to any particular horizon, but are somewhat more 
common in the upper than in the lower part of the coal measures. 

The analyses given below were made by the Dominion Laboratory and 
are selected from a number of ill-located ones : — 

Proximate Analyses 


Particulars. 

Jjiboratory 

Number 

Moisture. 

Volatiles. 

Fixed 

Carbon, 

Ash. 

Sulphur. 

(1) Motupipi : Upper seam 

1101/1 

14-4 

41*9 

41-3 

2-4 

4-89 

(2) Motupipi : Lower seam . . 

1101/2 

13-7 

41-0 

42*7 

2-6 

5-66 

(3) Kitty Creek 

1101/3 

14*9 

39-5 

39 2 

6-4 

2-21 

(4) Irving Mine, Payne’s Ford 

N/2069 j 

18'6 

41*5 

33-8 

61 

4-59 

(5) Gibson (^reek 

0/2553 

19-4 

36-7 

33*7 

10-2 

0-94 

(6) Gibson Ci*eek 

0/2656 

19 0 

38-8 

31 0 

11-2 

0-89 

(7) Gibstin (7reek 

B/2674 

18-6 

35- 1 

1 

38-4 

7*9 

0-62 


The coal is of medium sub-bituminous rank and of a type with about 
equal parts of volatile matter and fixed carbon and similar to the better- 
known Kaitangata and Waikato coals, except that the sulphur content is 
higher. The higher seams at Motupipi and Payne’s Ford ( (1), (2), and (4) ) 
have a higher sulphur content than the lower seams at Kitt\' Creek and 
Dry River ( (3), (5), (6), and (7) ), and it is not improbable that the sulphur 
content varies with the stratigraphic position, but insufficient analyses have 
been done to make this certain. The moisture content varies considerably, 
but shows no direct relationship to the deformation the beds have suffered, 
the coal from the steeply dipping beds along the foot of the Pikikiruna Range 
( (5), (6), and (7) ) having slightly more moisture than the coal from the 
flat dipping beds near Payne’s Ford and Motupipi ( (1), (2), and (4) ). The 
variation in the moisture content may be due in part to loss of water after 
sampling and before analysis, for all the coals lose water on exposure to dry 
air. All are non-coking. 

When discussing the coal prospects it is best to consider as separate 
blocks ” areas that differ considerably in amount of deformation and 
degree of exposure. The best exposed block is the strip of coal measures 
between the limestone hogback and the Pikikiruna Range. Although coal 
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has been won from shallow drives at various places over the whole length 
•of this block, it is of little economic importance, being so steep that it cannot 
be worked economically at de})th. 

The next best exposed block is at Motupipi, where it would be very 
surprising if any thick outcrops remain undiscovered, the upper ])art of the 
•coal measures having been prospected and worked for nearly a hundred 
^years. The lower part» of the coal measures are not exposed, but the 
structure is not as favourable as elsewhere in the field. 

The largest and least deformed block is on the west side of tjie main 
.syncline both east and west of the limestone escarpment. Only the upper 
few feet and the lowest hundred feet or so of the coal measures outcrop and 
there is a fair chance of workable coal being found in the middle part, which 
has never been examined.- A smaller equally regular untested block extends 
from Clifton to Ligar Bay between the small mudstone-filled syncline and the 
coast. These two blocks can best be prospected by drilling, the best drill 
sites being close under the limestone on the up-dip side where the whole of 
the coal measures underlies, and no effort will he wasted drilling into the 
non-productive marine beds. 

Conclusion 

The Takaka coalfield does not compare favourably with other New 
Zealand coalfields ; but, as these other fields are progressively exhausted, 
Takaka coal will become relatively . more important. The area has the 
advantages of good access and gentle uniform low dips over two compara- 
tively untested areas. The field will not be proved or disproved by a few 
•drill holes, for the seams are likely to be very irregular in thickness. 
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GEOLOGY OF THE KARAPIRO DISTRICT, 
CAMBRIDGE 

By J. Healy, Npw Zealand Geological Survey, Department of Seicmtifie and 

Industrial Research 

{UecHived for puhhcatiofi, 17 th AiujHHt, lU4ij\ 

Summary 

The geology of the Karapiro Dam site and surrounding tlistnet is deseribcMl 
in detail, and related to that of the surrounding region. 

The first part of the paper deals with the topography, physiograjihy, and 
stratigraphy. A basement of J urassic grey wa ekes and argillites is eovered at 
lower levels by a set of Plioeene to Recent deposits com prising silts, sands, 
gravels, and volcanic breccias and tuffs. The young deposits are divided into 
four main mappabh* units, two of which have been allotted senes names. 

An earlier depression across tin* basement rocks was filled with youngc'r 
sediments ; and the W’^aikato River was superimposed on the basement rocks 
near the margin during a late period. Since then the river has carved a gorge 
in the grey wacko, and in this gorge is the site of the dam. 

The second iiart of the paper deals with the engineering asjx'ids of the 
geology of the dam and power-house sites and tht‘ diversion tunnel. In addition 
the jiossibilities of leakage along the earlier depression adjacent to the present 
course of the river, through younger and fairly permeable beds, is discusseil. 

Introduction 

In connection with hydro-electric development of th(‘ Waikato River, 
the writer has during the last few years carried out geological invi'stigatiouH 
along v^arious stretches of its course, and, m July, 1941, sfient two weeks 
at the site of Karapiro Dam, which is at present under construction. Before 
this visit a tentative site had been selected for the dam, geophysical investi- 
gations had been carried out by Mr. Modriniak, an extensive boring 
programme had been carried out, excavation of the right bank was under 
way, and the diversion tunnel was mostly completed, so that good outcrojis 
were visible. The writer submitted to the Works Department a report on 
the geological investigation of the dam site and surrounding ari*a. 

Since then two visits have been made in August and December, 1944, 
to insjiect more recent investigations and bore results. This pa]»er includes 
the information gathered during the three visits. 

Karapiro is a small district five miles south-east from Cambridge along 
the State highway towards Rotorua. At this point the side road to the 
dam branches south, and the site is three-quartiTs of a mile from the turn- 
off. It was necessary to examine the surrounding area, and this paper 
accordingly deals with the geology of approximately eight square miles of 
country through which pass the Waikato River and the State highway. 

Two plans accompany the report. Figure 1 shows the geology of the 
entire area mapped, and Pig. 2 the detailed visible geology of the dam site 
itself at the time of the first visit. The blank spaces m Fig. 2 represent 
areas occupied by loose spoil removed during excavation. 

I 

Previous Work ^ 

The area has not previously been mapped. Lying as it does between 
the middle Waikato or Hamilton basin and the Maungatautari gorge, its 
geological history has frequently ^en inferred in jiapers dealing with those 
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two features. The. following, then, should be regarded rather as a summary 
of previous geological literature dealing with the adjoining regions, but 
with, specific bearing on Karapiro. On this other work the present 
correlations are based. 


«o .5 X , . 



Geological Plan 

of (, 

KARAPIRO DISTRICT'^' 

Cambridge S^D. 

Scale 


Recent - 


^ Ota/rts 


HiMuera Format] on -Pleistocene 


Leg end 

Pumtce sands, silts and p-- — . 

gravels Smimp depositsAlluviUfiL L=:^ — I 
Loose sands and pravels. 

Inne silts. — i 

Current bedded sands - • • ^ ^ 
^and gravels. 

JWeistocenef Mt// eonsdidaied sands, silk, ^nh, p - j 


I 


mjJs I^nnatfon-^ Pliocene [ fraveU a rhyoMc hreccicA 
a report || Pliocene '^elM rt^hlio luff. .. 

Greywacke and arpillite,. 


o accompany - - 
0.5.580. 


Jurassic 


Fio. 1. 


Regional work is based on the earliest report, which was made by 
Hochstetter (1867). He named the Middle Waikato basin, and considered 
it to have been an arm of the sea prior to the last elevation of the land. 
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In a comprehensive discussion of the physiography of Waikato River,. 
Cussen (1889) advanced the now generally held hypothesis that during the 
past it had frequently changed its course, and was the first to suggest that 
formerly it flowed to Hauraki Gulf through Hinuera valley, some six or 
seven miles east of Karapiro. He considered that the sands and gravels of 
the Waikato fan above Maungatautari gorge were laid down in a lake, which 
later extended through the middle Waikato basin when the river changed 
its course, and that both lakes were subsequently drained. To account for 
these changes he postulated movements of the land relative to sea-level, 
accompanied by local oscillations. He further developed these ideas in a 
later paper (1894)^ 

Henderson (1918) described the sediments and physiogra])hy of the 
Waikato valley above Maungatautari gorge in detail, and elaborated on 
the changes of course of the river. He visualized them as being brought 
about by meandering and spillover during a period of alluviation caused by 
depression of the land. Murray (1919) considered the change of direction 
of flow of the river at Hinuera to be due to tilting during the rise of 
Coromandel Range. 

In the most complete discussion to date on the regional geology, 
Henderson and Grange (1926) outlined a suggested sequence of movements 
of the land relative to sea-level, and defined the Pleistocene with referemie 
to them. The area they described extends from the west coast to the 
western boundary of Cambridge township, but the Pleistocene and Recent 
deposits continue into Karapiro district. The history of the Waikato was 
also further developed. 

Mead (1938) has described a contiguous area to the north ; and other 
recent writers (Taylor, 1935 ; Taylor and Orange, 1939) have outlined the 
regional geology in papers dealing with water-suj)plies and soils of adjacent 
regions. 

Topography and Physiography 

The dominant feature of the district is a plain extending north-west 
from one to two miles wide and between 250 ft. and 280 ft. above sea-level, 
with a gentle slope downwards towards the north-west. Through it, incised 
to a depth of 200 ft., flows the Waikato River : on the plain runs the State 
highway. Below the mouth of Tunakawa Stream the Waikato flows in a 
narrow canyon, but above that point the valley widens and there is a well- 
defined terrace 70 ft. above river-level and 130 ft. below the level of the 
plain. To the north-west the plain expands into the Hamilton or middle 
Waikato basin, but to the south-east it narrows and disappears except for 
a few remnants high up on the flanks of the Maungatautari gorge. 

Above the plain rise a few low hills, but beyond it north and south 
rise fairly steep greywacke ridges. The dam site is located on the north toe 
of Hie southern ridge, which rises south of the river to a height of 485 ft. 
above sea-level at the Crow’s Nest, and beyond that to 1,274 ft. at Pukekura. 
The Waikato follows a devious course for half a mile, where it flows through 
the greywacke gorge cut in the partly buried north end of the ridge. A mile 
north of the river the northern greywacke range rises, more or less in 
continuation of the line of the southern ridge, to a height of 797 ft. above 
sea-level at Opuahau, a mile from the highway. East of this range are lower 
hills" of rhyolitic tuff. 

Into the Waikato, a short distance above the dam site, flow Hauoira 
Stream from the south and Tunakawa Stream fcom the east. The latter, 
ai^r emerging from the hills of rhyiolitic tuff, flows north-west parallel 
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to the Waikato for over a mile, trenched deeply in the plain, then turns 
south-we6t to the river. The Karapiro drains south along the contact 
between the northern greywacke range and the rhyolitic area, turns west 
round the toe of the range, then flows north-west and joins the Waikato 
at Cambridge, five miles away. 

The grcywacke ranges form the sole remnants of a late Pliocene 
topography, though no doubt modified to a certain extent since then. The 
(lojiressions on the east side at any rate were, near the close of the Pliocene, 
filled with a sheet of welded rhyolitic- tuff, then the jireserit depression 
through which the, Waikato flows was carved by erosion and jirobably 
modified by faulting. 

After this followed a series of movements of the land relative to sea- 
level, causing alternating jieriods of accumulation and degradation of 
sediments. The low hills jirojecting above the ])lain and bordering the 
eastern margin of the Pukekura ridge are composed of the sedimentary 
and volcanic beds that were laid dowti during th(‘ first subsidence. They 
filled the Hamilton basin to a great de[)th, but wme well eroded in turn 
when the land again rose. The Waikato at this stage flowed to the Hauraki 
Gulf by way of the Hinuera valley, but, during th(‘ next h>wering of the 
laud, aggraded rajiidly till it spilled over and followed th<‘ course of the 
present Maungatautari gorge into th(‘ Hamilton basin. .At Karapiro the 
river flowed north of its ]ireseut course nearer th(‘ northcnm greywacke 
range. Aggradation immediately commenced in this pa-rt, and an immense 
and extensive fan was laid d9wn throughout the entire Hannlton basin 
and beyond, during which time changes of course of th(‘ riv(‘r were frequent. 
The plain described above is the* upper surface of this fan, Th(' sediments 
composing it are loose, current-bedded sands and gravels. Once again 
elevation of tin* land caused the riv'^er to b(‘c-ome entrenched along its course, 
and caused c(*rtain anomalies. Instead of taking its former course it now 
cut down through the thin cover of loose sediments along the course to 
which it had wandered on the surface of the fan, into the liuried greywacke 
toe of the ridge to the south. This has given rise to th(‘ greywacke gorge 
there, in which is the dam site. Up-stream is a wide vallf‘y cut in the loose 
ijedinients of the fan, but down-stream the canyon mentiomnl jireviously 
is cut in the more consolidated earlier sediments. 

, The lower terrace up-stream from the dam marks the final alluviation 
of the Waikato, this time apparently caused simply by overloading with 
light sediment from the central jiurnici* eruptions of Kecent age. This 
phase also produced changes iir the drainage. Th(‘ Waikato itsidf, when 
it cut down to its present level again, took a diffenmt cours(‘ within the 
wide valley cut in the earlier fan. Just u])-stream from th(‘ mouth of the 
Tunakawa it now cuts through a short greywacke barrier, whereas it 
formerly swung farther north-east in the direction of the Tunakawa. That 
stream has consequently been lengthened. A mih* up-stream tin* Waikato 
has uncovered in its bed stumps of a forest that was buried by the pumice 
aggradation, and that presumably covered the flats adjoining the former 
course of the river. Hauoira Stream was deflected down -stream and 
became superposed on welded rhyolitic tuff into which it has cut a narrow, 
deep channel along portion of its lower course. The lower Tunakawa has 
been extended owing to the change of course of the Waikato. There is 
reason to believe that the Waikato itself is now flowing 20 ft. or so above 
its level prior to the pumice aggradation. 

As the Waikato cut down through the greywacke it gradually adjusted 
its course to the internal structures of those rocks. 
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Summary 

The Karapiro district lies on the northern fringe of the central volcanic 
jdateau of the North Island, where, during the Pliocene and Pleistocene, 
extensive deposits of volcanic material accumulated from a series of large 
scale eruptions chiefly rhyolitic in character. Over many hundreds of 
square miles the underlying sedimentary rocks are completely masked, 
but in the marginal areas they })ro}ect through the volcanics or have become 
exposed by erosion. 

The rocks of the Karai)iro district fall, therefore, into two main groups-— 
an older, sedimentary basement, and a younger covering of volcanic tuffs, 
ash-beds, and transported material. Greywackes and argillites of Jurassic 
age form ranges projecting above the younger cover from Morrinsville in 
the north to fifteen miles west of the southern end of Lake Tau]>o in the 
south, and a similar parallel series of ranges forming the western iifJand 
of the Huntly-Kawhia region to tlfe west (Henderson and Grange, 1926). 
They trend nortlx, parallel to the strike of the component rocks. At 
Karapiro the Waikato breaches the first range from east to west. 

The greywacke terrain is the unburied remnant of a Pliocene land surface, 
which had attained moderate relief, produced, probably, by faulting move- 
ments modified by erosion. There is no sign of any earlier Tertiary covering. 

The younger covering beds consist of volcanic deposits varying from 
welded tuff to loose ash, and fluviatile sands, gravels, breccias, and silts. 
They include deposits of ages from Pliocene to Becent, and havt* been 
.divided into four mappable units. 

The geological formations present are summarized in the following 
table : — 


‘ Age, 

Recent 


Pleistocene 

Pleistocene-Pliocene 

Pliocene . . 

Jurassic . 


Formation, 

Uiniiera formation 

t Haniilton Ash . , 
Hamilton Hills formation 


Deposits. Thickness, 

r Loose pumice sands and pravels. 11)0 ft 
containing fragments of charred 
wood 

RoddisU-browTi volcanic ash 3-4 ft. 

f Loosely consolidated sands 'and*] 

I gravels. 

•j Sands and fine silts > . y At least ‘iSo ft. 

I Ciurent-beddea, coarse sands and 1 
gravels J 

Ileddlsb-brown volcanic ash 3 ft. 

Poorly consolidated rhyolitic brec- At least 370 ft. 

cias, sands, silts, and gravels 
Welded rhyoUte tuff . . . . ? 

Greywackes and argillites . . . . ? 


Jurassic Beds 

The rooks of this series are alternating bands of greywacke and argillite, 
the former massive and tlie latter well stratified. The average strike is a 
few degrees west of north, and the dip at least 60° west. The trend of the 
Pukekura ridge to the south and the Opuahau ridge to the north is parallel 
to the strike, which controls their structure. 

The best exposures in the district are to be seen where the Waikato cuts 
through the northern end of the Pukekura ridge. Here greywacke and 
argillite are exposed for 40 chains up-stream and 30 chains down-stream 
from the dam, which is being built on a foundation of these rocks. They, 
Are intersected by numerous faults, the chief set being strike faults mainly: 
developed in the argillite members along bedding planes. They would be 
induced in the rocks at the time they vere so strongly folded, and any later 
movements would tend to be taken up along these weak planes. 
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Other faults are developed, but to a lesser extent. There is a set of which 
the members strike north-west and dip mostly south-west. Another set 
strikes east to south-east and dips north to north-east usually at low angles. 
Other faults strike north-east and dip north-west. Where Taijia Stream 
•enters the Waikato it follows a small weak zone trending east. 

Joints are prominent, especially in the massive greywackes, which are, 
intersected by a closely spaced system of joints typical of such rocks in 
"Other districts. Locally j)articular sets of joints that parallel the main 
fault planes are dominant. 

Such closely spaced joints greatly assist weathering, w’hich ha^ preceeded 
deep below the old Pliocene land surface. On the surface are stiff brown 
•clays, which pass down through broken rubbly rock with a decreasing 
amount of weathering to the fresh rock. In the zone above the fresh rock, 
spheroidal weathering has produced rounded cores of unweathered rock 
in. a brown, weathered matrix. The unweathered rocks vary from hard, 
’siliceous greywacke to less indurated argillite. 

The fresh rock has been exposed along the banks of the rivei and for 
some distance upwards ; but at its highest levels in the gorge the rock is 
well weathered and hais had to be removed to lay bare a suitable foundation 
for the dam. Below river-level, fresh rock only is found, any weaknesses 
•existing there being due to crushing of the rocks and not to weathering. 

At the time of the writer’s first visit a strong strike fault nnhs found 
near the site of Bore 10, and its outcrop could b(‘ followi'd for some distance 
north along the exposed rock. Within a zone of 10ft. are three well-defined 
bands of fault pug and breccia from fi in. to 12 in. thick. X(‘ar Bon* 33 
another outcrop of a fault zone 2 ft. thiek was found 80 ft. east of the last. 
Numerous minor jiarallel faults were found on the right bank of the rivcir 
west of the entrance to the diversion tunnel. It was thought at the time 
that more would be found in the bed of the river when it became ex])osed, 
and this has been the case. 

During the last visit maximum excavation was completeil. and the 
cut-off wall at the base of the dam was under construction Excavations 
here revealed a former huge pot-hole extending to 18 ft. below sea -level. 
The centre of the pot-hole coincided with the outcroj) of a strong fault with 
a well-developed crush zone 6 ft. to 8 ft. thick, in which the rock had been 
finely shattered, without being completely pugged. FJast of this crush 
zone is 15 ft. of argillite wdth quartzitic bands in wdiich ])robably 50 per 
cent, of the material is finely crushed in bands. Between this fault and the 
strong one described in the previous paragraph tin* strike of the argillite 
swings from normal to north-east, suggesting that fioth ar(* faults of fair 
magnitude. Elsewhere the strikes are fairly normal. 

A section across the dam site (Fig. 3) shows from the (*xtreme end 
•of the cut on the left or west bank massive greywacke jiassing into argillite 
and then again into greywacke, which forms the former left bank. This is 
separated by a fault from the argillite of the river-bed that is crossed by 
the two strong faults described above. On the right bank this passes again 
to greywacke. Thus the river in this portion follows a band of argillite, 
its banks are in part fault-defined, and the deepest portion coincides with 
the strongest fault. 

A fossil found in these old rocks at the dam site was forwarded to 
Dr. J. Marwick, who identified it as Buchia malayomaorica (G.S. 2905), 
and upon this evidence the beds have been assigned to the Upper Jurassic. 
This accords with the finding of Jurassic fossils in similar rocks near 
Morrinsville (Bartrum, 1937), at a locality in direct* continuation of the 
strike . of the Karapiro rock^. 
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Welded Rhyolitic Tuffs 

Welded rhyolitic tuff forms the hills rising above the level of the Waikato- 
fan east of the greywacke ranges. It also crops out in a small gprge in 
Karapiro Stream, where it is faulted against greywacke, and in the lower 
course of Hauoira Stream, whence it extends north-west for 20 chains to 
the banks of the Waikato. The hills to the north-east extend into the 
contiguous aj’ea that has been described by Mead (1938). * 

Where exposed, the tuff shows the usual vertical jointing and cliffed 
develoj)ment characteristic of these rocks. Inclusions of pumic(‘ous rhyolite 
up to several inches in diameter are numerous. The rocks of this sheet have 
been described by Mead, and are similar to those referred to as “ ignimbrite ” 
by Marshall (1935) and composing the greater part of the central volcanic 
plateau. 


Section Across Dam Site 
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' The sheet of welded tuff is said by Mead to fill a former basin east of 
the greywacke ranges of this area. No contacts with the jinderlying grey- 
wacke are visible except one, half a mile east of the Karapiro turn-off in 
a small gorge of Karapiro Stream, where the contact is a })lane striking 
north-west and dipping at 52° south-west and is apparently a fault. Down- 
stream from the Hauoira the tuff crops out along the bank of the Waikato 
to within 10 chains of the dam, where its contact with beds of the Hamilton 
Hills Formation outcropping at the same level down-stream is obscured, 
but it appears, that the tuff was eroded before those beds were laid down. 
There are no indications that the latter beds have been involved in faulting, 
but the tuff seems to have been emplaced, faulted, and then eroded before 
depqsition of the Hamilton Hills beds in the Karapiro area. 
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No outcrops of w(*l(led tuff were found west of the greywacke ^ap at 
Karapiro, but the writer has seen outcrops west of the ^reywacke range 
.several miles to the south-west. If the faulting associated with the Karapiro 
gap was confined to the period following the eniplaccunent of the tulf, the 
greywacke may have originally constituted a barrier beyond which the 
tuff did not extend. If it did pass through to the west, any remnants still 
•existing are buriinl beneath the latcT sediments. 

The rhyolite tufl* is classed along with the other deposits of similar 
type of the central regions as belonging to the outpourings Of volcanic 
materials that accompanied the eruptions of the Pliocene. 

Hamilton Hills Formation 

Beds of this formation form low hills skirting the western margin of 
the Pukekura greywacke ridgi* and projecting above th(‘ h‘vel of the alluvial 
2 )lain north-west of the dam site. They are well exposesd in the gorge down- 
stream from th(^ dam and in the recent excavations at the site, and were 
also encountered at a depth of 285 ft. in Bore 5 (Fig. 1) below the level of 
the State highway a quarter of a mile south-east of the Kara])iro tiirn-oif. 

The best exposure visible at the time of the writer's first- \ isit was on 
the left bank of the Waikato just over a mile down-stream from the dam 
site, where a small track has been cut down th(‘ steep wall of the bank. 
The section from the toj) is as follows : — 

30 ft. of light pumice sands and silts. 

2 ft. of light-grey clay. 

5 ft. of broM'ii sandstone. 

oft. of light-broun sandy <’lay. 

30 ft. of altornating sands, silts, and grits. 

lo ft. of tuffaceouH sandstone. 

2 ft. of well-c('monted gravel, with p<d)h](‘H ol greywackt*, and rhyolite up to 
IJin. in diameter. 

2 ft. of well-consolidated, fine, jmmicc gravel. 

30 ft. of well-consolidated grits \^ith greywacke gravels, jiebblcs nj) to 2 in. 
diameter. 

Below, sanils and grits constitute the lowest visible b(‘d, outcropping to near 
river-level, until obscured by slipjied material. 

Later excavations at the 'dam site have cxjiosed these beds well. The 
following section is shown on the right bank : — 

Sands and gravels of the Hinuera beds, lying uneonformably on well- bedded 

' sands and silts, uneonformable on beds below. 

Soft, grey, rhyfditie breccia containing carixmaceous fragments, and showing 
a small amount of banding at the base*, uneonformable on 

Similar material, but showing a certain degree of sorting towards the base, 
lying on 

Greywacke floor, with extremely uneven surface with pockets of coarse, well- 
rounded groyviacke gravels. 

A similar but fuller section is exposed in the excavation on the left bank 
.as follows : — 

Sands and gravels of the Hinuera or younger beds, uneonformable on 

Fine, white and brown* silts. 

Fine, pdmice breccia, containing no carbonaceous material. 

6 in. to 12 in. of finely banded, oxidized material, probably a thin volcanic asli. 

Rhyolitic breccia, containing carbonaceous material. Contains a carbonized 
log, 3 ft. in length And 5 in. in diameter. Less comjiacted towards the top. 

. Finely banded pumice ash-bed. Rosts uneonformably and with oxidized 
I contact on 

Pumiceous breccia, showing bedding and sorting towards the base. 

A coarse, greywacke gravel with pebbles up to 6 in. diameter forms a pocket 
- resting on an irregular surface of weathered greywacke. 
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The similarity and identity of the lower sets of beds on each side of the 
river are obvious. In the section on the left bank the ash-bed at the base 
of the upper rhyolitic breccia has been described separately, but it is merely 
the basal phase of the bed above, which is believed to be a subaerial deposit.. 
The wavy b'anding of the basal bed is parallel to ‘the underlying surface, 
and passes gradually into the structureless mass of the upj)er .portion which, 
with its numerous inclusions of carbonized material, closely resembles the 
Recent subaerial pumice ash of the Taupo region. Bfeccia crops out in 
the Karapiro road-cutting 10 chains from the highway turn-off, and again 
in a road-cutting 26 chains north-west from the dam site. The underlying 
breccia of the sections above was probably deposited subaqueoiisly, for it 
shows sorting. 

The holes shown in Fig. 1 were drilled by the Department of Scientific 
and Industrial Research at the end of 1944. The writer inspected the 
samples from Nos. 3, 5, 6, and 7. The following is the log of drill hole 
No. 1 

0 ft, to 95 ft. : {Sand and loose gravels. 

95 ft. to 100 ft. . Hard band green tuff. 

100 ft. to 110 ft. : Hand. 

110 ft. to 185 ft. : Sand and coarse gravels. 

The upper layer of sand and loose gravels is probably Hinuera material. 
The Hamilton Ash may be represented by the hard green band, which is 
not oxidized at depth, but this is doubtful, as it is unlikely that it would 
be , classed as “ hard.” The remaining 85 ft. of sediments belong to 
the Hamilton Hills formation and resemble the beds described from the 
down-stream section on the left bank of the Waikato. 

Nos. 2 and 3 were drilled through ’the Hamilton Hills beds a few chains 
apart and have similar logs. The samples taken were wash drillings only, 
so do not give a true representation of the beds encountered. The following 
is the log of No. 3 hole : — 

0 ft. to 15 ft. : Fine, pumiceous material. 

16ft, to 75ft.: Grey-white pumieeous material, fragmontn of pnmice up to Jin. in 
diameter. Probably rhyolitic subaerial ash. and same bed as outcrops in road 
cutting nearby. 

76 ft. to 105 ft. : Similar to the above without larger pumice fragments, but containing a 
large amount of clear volcanic glass as fragments up to A io. in diameter. 

106 ft. to 135 ft. : Clay-like material containing gritty fragments of pumice, rhyolite, 
and greywache up to J in. in diameter. 

135 ft. to 1.55 ft. : Similar to above with less day. but fragments of volcanic glass in 
addition. 

156 ft. to 175 ft. : Similar, but finer in grade. 

* 175 ft. to 21.) ft* : Fine, angular gravels, with pebbles of greywacke, rhyolite, and pumice 
up to Jin. in ^liameter. 

215 ft. to 225 ft. : Quarts sand an^ grit, containing fragments of pumice, rhyolite, and 
greywacke, from J in. to J in. m diameter. 

226 ft. to 285 ft. : Dark-grey sand, containing gritty fragments similar to those in the 
bed above. 

These sediments also are similar to those of the left bank of the Waikato 
down-stream from the dam. No. 5 passed through 286 ft. of Hinuera 
sediments into pumice breccia of the Hamilton Hills formation, rei^enlbling 
that of the subaerial deposit. It is thus possible that the subaerial breccia 
is unconformable on the fluviatile beds of the Hamilton Hills formation, 
and is actually a younger deposit. In this case the breccia met at 285 ft. 
&om the surface in No. 5 corresponds with that encountered near the surface 
in Nos. 2 and 3, as they did not encounter a similar deposit at a depth, 
comparable with that of the former. 
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However, tliey barely readied a sufficient de[)th to jirove the possible 
lateral extension of the breccia encountered 285 ft. below surface level in 
No. 5 at th(‘. same depth. 

Hole 5 c.ontinued to a depth of 325 ft. from the surface without passing 
througli the breccia — that is to say, to .58 ft. below sea-level. Taking into 
account the level to which th(‘ beds of the Hamilton Hills formation attain 
in the low hills adjacent to the road near Nos. 2 and 3, it can be s(*en that 
they are at least 370 ft. thick at Karajuro. 

Henderson and Grangi' (1920) have described similar beds in the Hamilton 
region. They extend throughout the Hamilton basin and beyond, and are 
contiguous with those at Karajhro. They occur typically as low, rolling 
hills projecting above the surface of the Waikato fan, and it has been usual 
for soil and geological investigators to refer to th(*m as the “ Hamilton 
Hills ” beds, but the name has not previously occurred in publications. 
The above authors {op. cit.) classed these beds with the similar sediments 
of the Walton beds of the Tiako region (Henderson, 1913). The writer 
has ado])ted the name Hamilton Hills formation " for the beds described 
above, and siiggi'sts that this be used for these Ix'ds in the Hamilton basin 
and adjacent areas, and that the name “ Walton beds " la* r(*tain(‘d for 
the similar beds of the Thann's-Matamata depression. 

The Walton beds were classed as newer Pliocene and Pleistocmie 
(Henderson, 1913), and their (‘quivalents of the Hamilton basin as Pleis- 
tocene (Henderson and (Jrange, 1929). Sinc(‘ then other writers have 
referred them to the Pliocene (Taylor, 19.35 ; Taylor and (irange, 19.39). 
Hend(‘rson and Grange (1926) ])ostulated depression of the land to 1,(K)() ft. 
below ])resent siNi-level m th(» early Pleistocene, during which the Hamilton 
Hills beds were laid dow'ii. Lately Dr. Henderson has informed the present 
writer that he considers the Hamilton Hills beds to be ffuviatile deposits 
n'sulting from the erosion of tin* rhyolitic sheets, and that in the marginal 
areas tin* welded tuff’s will be found to mterfinger with the sediments. He 
thus places them as contemporaneous with the rhyolite tuff’s, and in the 
Pliocene, which he concludes to have ended with the ujilift which initiated 
the erosion of the Hamilton Hills beds. Tt is chiefly on these opinions that 
the later writers above ])laced the Hamilton Hills beds in the Pliocene instead 
of in the Pleistocene as formerly. 

The evidence for establishing the relation of the Hamilton Hills beds to 
the extensive sheets of welded rhyolite tuff is by no means complete. 
Henderson and Grange (1926, p. 61) mention a well-consolidated subaerial 
tuff underlying subaqueous rhyoliti<‘ breccia, but the underlying b(‘ds were 
not (‘xposi'd. Taylor (1935, p. 19) also mentions subaerial rhyolite tuff*, 
but does not stab* whether it was welded or not. The writer has described 
subaerial tuff’ that has been majiped with the Hamilton Hills beds, but it 
was }K)inted out that it may be younger. In the river-bank s(*ction down- 
stream from the dam there is a tuff’aceous bed, but nothing resembling the 
welded tuff of the ignimbrite ” type. The evidence at Karajiiro is that 
the tuff of the latter tyfie underwent faulting and erosion before the 
sedimentary beds of the Hamilton Hills formation were laid down. 

It would be reasonable to expect that if erosion of the rhyolites commenced 
from the earliest period of eruption it would likely be continued during the 
following eruptions and after they had ceased, provided that elevation of 
the land was sufficient to permit erosion, so that the Hamilton Hills beds 
most probably represent the product of erosion during and after the period 
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of inaxiinum eruj)ti()n. Grange (1937) han shown that eruptions of a rhyo- 
litic character have continued from the Pliocene to the Recent : but it is 
considered that the extetisive eruptions of the “ igninibrite ” type of welded 
rhyolite tulf occurred during the earlier and most intensive volcanism, 
which is usually placed in th(i Pliocene. At Kara])iro, tufl* of that type is 
older than the Hamilton Hills beds. The main difficulty is to define the 
end of the Pliocene and the commencement of the Pleistocene, a j>roblein 
requiring investigation. 

Grange (op. cit.) has described beds that the writ(*r considers are [)robable 
correlatives of the Hamilton Hills beds, and classed them as Pliocene- 
Pleistocene. They are highly unconformable to the rhyolite tuH’s, in the 
Rotorua-Tau])o region. The Hamilton Hills beds at Karapiro are therefore 
placed tentatively as Pliocene-Pleistocene. 

Hafmiton Ash Shoivar 

Overlying the Hamilton Hills beds on the low, rolling hills between the 
main road and the Waikato is a reddish-brown loamy material representing 
a volcanic ash that was sjiread from an erujition after the Hamilton Hills 
beds had been ujdifted and eroded into moderate relief. It also covers 
other country rising above the level of the Hinuera fan. This bed has been 
called the Hamilton Shower (Grange and Taylor, 1931, 1939), and it is 
regarded as b(*ing andesitic. 

A similar, but more sandy, bed caps th(‘ Hinuera fan surface near the 
Public Works Departnumt office at Karapiro. Taylor and (Grange (1939) 
consider that in [daces the Hamilton Shower was partly waslu'd from the 
surrounding hills on to the beds of the Waikato fan, giving a brown loam ; 
but this outcrop is beyond the area they mapjied, and younger showiu's 
are known to exist to the (‘ast, so without laboratory examination of the 
material of which it is composed it is impossible to say whetlu‘r it is a true 
ash or water transported. 

The Hamilton Shower extends underground following the contact of 
the Hamilton Hills beds with the overlying Hinuera fan deposit. 

Hin uera Format mi 

During the period of depression following the uplift and erosion of the 
Hamilton Hills beds the Waikato transjiorted and laid down large quantities 
of rhyolitic mat(‘rial from the central regions. This was deposited as coarse*, 
current-bedded sands and gravels, showing a fair tlegree of sorting. At this 
time numerous changes of course of the river took placi*. Cussen (IH89, 
1894) noted that it formerly llowed through the [iresent Hinu(*ra valley 
towards Mataniata and Hauraki Gulf, but that it turned and fiow(‘d through 
Maungatautari Gorge and Karapiro to the Hamilton basin. Hend(*rson 
(1918) later develojicd this thesis, and described the sediments above 
Maungatautari Gorge. He considered that aggradation continued in the 
Hinuera valley till the river spilled over into Maungatautari Gorge. As 
the level of accumulation of the sediments is thi* same in each direction 
at the point of change of flow it is likely that during the closing stages of 
alluviation the river flowed in alternate directions. 

Into the Hamilton basin the Waikato built an extensive fan after it 
changed course. At Karajiiro the up])er surface of the fan reaches a maximum 
height of 280 ft. above? sea-level where the road to Whitehall turns off the 
State highway. Drill hole No, 5 (Fig. 1) fiassed through 285 ft. of these 
sediments before reaching the Hamilton Hills beds, so this gives a minimum 
measure of their thi kness. 
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On account of the extension of these sediments through the Hinuera 
valley and their association with the change in direction of flow of the 
Waikato there, the writer proposes to call them the* Hinuera formation. 
They are regarded as being u])per Pleistocene. 

Capping the current-bedded sands and gravels of the Hinuera beds 
are a series of sands, gravels, and silts which an* well exposed where the 
road from the Public Works Dej)artment office at Karapiro branches down 
the terrace slope to the flats below. Above the Hinuera sands are 10 ft. 
of fine white sands and silts, the latter containing a few diatoms, suggesting 
humstrine deposition. On their eroded surface li(‘ 5 ft. to () ft. of rusty 
gravels and sands, on which is the brown loam discussed earlier. These 
beds have been mapped along with the Hinuera formation, and represent 
deposits formetl during minor oscillations of the l(‘V(‘l of the land at tin* close 
of the period of de])ression in which tin* Hinuera fan was laid down. 


Recent Deposits 

During r(*cent times eru])tions of loose pumic(‘ous ash in tin* Tau])o 
r(‘gion covered 8,800 scpian* miles with at least (> in. of debris (Grange, 1931). 
Owing to its light natun* and incoherence, this material was quickly washed 
off the higher elevations into the valleys, and the Waikato, which drained 
so large a part of the area, received a huge load of ])umice. The river became 
chok(*d and was forced to aggrade throughout its length. At Karajuro it 
aggraded to a level of 70 ft. above present river-level. When maximum 
loading was passed it cut down again quickly into the loosi* alluvium. 

At Karapiro this material consists of loose pumice sands and gravels. 
In tin* higher reaches of the river this deposit is usually light-grey ; but by 
the time Karapiro is reached inclusions of darker rhyolitic material from the 
terraces of Hinuera material mak(^ the sediments a darker grey ; still they 
may be distinguished by the inclusion of fragments of carbonized wood 
that characterize the deposit right from its source. 

The section exposed at the sand-})it shows a basement of greywacke, 
on which remain a few f)ock(*ts of the subaerial rhyolitic ash of the Hamilton 
Hills formation. Above are the current-bedded jiumicc* sands and gravels 
containing fragments of charcoal, with coarse pumice gravels at the base. 

This inundation of pumiceous sediments buried a forest growing on the 
flats bordering the river within the valley carved in tin* Hinuera beds. The 
river now takes a different course a mile above th(* Tunakawa, and has 
exposed the trunks of the buried forest in its bed. This suggests that the 
river formerly flowed at a lower level nearby, and th(*r(* is other evidenci* 
to support this. 

In the large pot-hole in the river at the dam sit(*, pumice sands and 
gravels containing, near the bottom, large logs, (*xtended to 98 ft. below 
yiresent river-level. Holes 28 and 29 (Fig. 2) (*ncountered rock at 45 ft. 
and 55 ft. respectively below river-level, but hole 27 had not reached rock 
at 128 ft. and hole 31 passed through pumice and rotten timber from 74 ft. 
to 100 ft. without reaching rock. No. 30 reached rock at 100 ft. 

This appears to prove that, prior to the pumice aggradation, the Waikato 
followed a course farther towards the Tunakawa, and that it then flowed 
at a lower level than at present. The accumulation of Recent pumice 
sediment therefore probably reached to 100 ft. above the earlier river 
level. 


11— ^oienoo. 
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Geological History 

At the end of the Tertiary this region, in common with other parts of 
New Zealand, was uplifted and dislocated by widespread crustal movements. 
Tt is |)robable that the ranges of greywacke hills came into being at this 
time, and that they are fault-controlled, though their margins are now 
masked by younger de])()sits. The elevation amounted, according to 
Henderson and Grange (1926), to 9(X)ft. higher than present sea-level, 
and a land sea f)e of high relief was scul})tured. 

The crustal movements in th(* Pliocene were accompanied by the emj)lace- 
ment, in the ecmtral regions, of a succession of vast slu'ets of rhyolitic 
material, which formed de])osits ranging from loose breccias, through welded 
tuffs to flows of viscous lava. One of the sheets of welded tuff reached the 
Karapiro district and filled the depression east of the greywackt* ranges, 
where it was faulted and eroded. 

The land now sank till it was l,(KK)ft. or more lower than present, and 
into the valleys and basins w(*re laid down estuarin(‘, lacustrine, and fluviatile 
deposits of rhyolitic material transported by the streams draining the volcanic 
terrain to the south. As the (*ru})tions continued s})asniodically, subaerial 
and subaqueous rhyolitic breccias became interbedded with the other 
sediments. These beds constitute the Hamilton Hills formation, and at 
Karapiro reached a thickness of at least 350 ft. and })robably much more. 

Next came an upward movement of the land to about 2(X) ft. above 
present level, and the soft beds of the Hamilton Hills formation were quickly 
eroded subaerially, till a mature topograjihy was attained. At this stage 
an eru})tion of andesitic character to the south s})read a thin shower of 
ash over the district. Where exposed at present, this is weathered to a 
reddish-brown loam, and is known as the Hamilton Shower. 

Then further subsid(*nce ensued, and the land sank to approximately 
120 ft. lower than jiresent, initiating aggradation once more. The Waikato 
which at this time flowed to llauraki Gulf by way of Hinuera valley, built 
u}) an expanding flood-plain of loose sands and gravels till it spilled over 
into the Hamilton basin. Here the mature topography of the Hamilton 
Hills beds became drowned by the rising flood of loose sediments of the 
Hinuera beds, which the Waikato laid down m the form of an extensive 
fan. The unburied remnants of the earlier terrain remain as low, rounded 
hills, projecting above the level of the plain formed by the fan. Minor 
oscillations of the land probably occurred after the fan was laid down, 
causing the deposition of the capping of silts, sands, and gravels that overlie 
the coarse, current-bedded sinliments at Karapiro. 

The next stage of events was most important from the engineering point 
of view. Elevation of the land caused the river to entrench itself in the 
fan, but as it had meandered freely during aggradation, it now cut down in 
an entircily new course. Instead of excavating a course along the thickest 
})ortion of the fan, it cut down along th(‘. south-west margin and becann*. 
superimposed on the buried toe of the southern greywacke ridge, in which 
it cut the rocky gorge chosen for the site of the dam. This final elevation 
ceased at present level. 

The sequence and amount of the movements of the land postulated 
above have been adopted from Henderson and Grange (1926). Failing a 
knowledge of gradients of the earlier rivers and streams, such as might be 
obtained from detailed study of drill logs throughout the region, estimates 
of absolute amount of movement or inferences, whether the movements were 
uniform or subject to local deformation, could not be given from the evidence 
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available in such a small area as the Karapiro district. Th(‘ moNi'inents 
quoted by the above authors appear to fit the facts. 

A further short jieriod of aggradation was caused by overloading of th(‘ 
Waikato by lo()S(* pumiccous debris from the Recent eruptions in the Tanjio 
region. The choked river built u}) its course throughout, until the su])ply 
of material ceased, whim it quickly cut down again through the soft 
sediments. At Karapiro the aggradation reached 70 ft. above [ireseiit 
river-level, and caused the river to change course once more, at the same 
time deflecting the Hauoira down-stream and lengthening th(‘ Tunakawa. 
Those two streams w(‘re also tenqiorarily jionded, and as a result have 
swamjiy conditions along jiart of their courses. 

At Karajiiro th(‘ Waikato a})})ears to be flowing at a level which is 20 ft. 
to 30 ft. higher than before the Recent pumice invasion. Failing (‘vidence 
for recent subsidence of the land, or for local deformation to that extent, 
the writer believ(*s that the river is still (mgagial in cutting down to its former 
level, but that tin* gr(‘ywacke bar between th(‘ mouths of the Tunakawa 
and Hauoira streams is retarding the ])rocess. 

Relation of Geology to Engineering Problems 

The construction of a hydro-electric station involves a senes of con- 
struction works, (‘ach of which cannot be [ilanned without dm* consideration 
of the geological factors invMilved. These are, the excavation of a diversion 
tunnel, the construction of two temporary cofP(*r dams, the construction of 
a dam and power-house, and. finally, the imjiounding of a large volume of 
water to form a lake. The nature and disposition of the geological formations 
])resent and the jirojicrties of the individual rock types must be given (‘lose 
attcmtion. The engineering asjiects of tin' g(‘ology of the Karapiro district 
will now be considered. 

The Darn Site 

Although th(' building of a dam is not thi' first stage in tin' construction 
of hydro-electric works, the seh^ction of a suitable (bun sit(‘ must obviously 
be the primary factor in choosing a site. Ajiart from to])ographic con- 
siderations, the nature of the rocks present will decide not only if a dam 
can be built at the site, but the tyju* of darn that should be built 

At Karapiro the foundations of the dam an* being laid on gri*y\vack(*s 
and argillites of Jurassic age, ex})os(‘d in a gorg(‘ in the Waikato Hiv(‘r. 
These rocks have repeatedly in the ])ast been exposed to weathering, so 
that they are decomposed to clay and brown, broken rock in tin* iipjau* 
lev(*ls, and it is necessary that they be excavated till fresh rock is r<*ac]i(‘(l. 
At and below river-level is found fresh rock only, so that maximum excav ation 
is confined to the higher portions of the banks. 

The argillites and greywackes occur in alternating bands (s(‘e Fig. 3), 
of which the latter are the stronger rocks. Argillites form the basement 
within the old river-bed, and at one place then*, and again on th(* right 
bank, strong faults are in evidence. These faults follow the bedding planes 
in the argillite, and strike parallel to the river and dip ste(*j)ly west, so that 
in the centre of the dam the weight is to be distributed at right angle's to 
the faults. This minimizes the chance of movements, the only likely one 
being “ heave ’’ produced by flow of the finely crushed material of the fault- 
zone in the centre of the river bed. The resident engineer suggested 
that this could be obviated by construction of a second cut-off at the 
downstream toe of the dam. 
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In the case of the wing wall on the right bank the thrust will be directed 
at an angle highly inclined to the weak planes in the argillite, but it is proposed 
to provide for the possibility of niovoment by suitable modifications in the 
foundations. 

The fault-zones are filled with jmg or finely crushed material, which is 
not likely to be more permeable than the parent rock. The greywacke is 
likely to be more permeable than the argillite because of its massive structure 
and intersecting joints, but the })ermeability is not likely to lx* great and 
should be stopped by grouting. 

The presence of porous beds of the Hinuera and Hamilton Hills formations 
suggests that the wing walls be extended to a safe distance*. A core* wall 
on the left bank should be extended to the rising greywacke* ridge across 
the road, and on the right bank to give a safe gradient through the porous 
beds back to the river. 


The Power-houne Site 

The power-house will be located in the bed of the river imniediate*ly 
down-stream from the dam. Its foundation will also be laid on the* 
argillites ; but here beyond the removal of sands anel gravels fre)m the old 
river-bed little excavation is required to give fresh rock. 

The Diversion Tunnel 

At the time of the writer’s first visit the diversion tunnel was me)re 
than half completed, and an inspection was made of the 2 )ortion visibh*. 
As was to be ex])ected at that level, the rock was of good quality throughout. 
Several minor faults of the east-west and north-south sets were found, 
but no major fracture zones. The low permeability of the rocks was evident 
from the fact that, although the south end of the tunnel was below river 
and only 25 ft. distant from it, there was practically no seepage of water 
through the intervening rock. 

Karapiro Lake 

When formed, Karajnro Lake will reach a level of 176 ft. above sea- 
level, and will extend to Arapuni. For the most ])art it will be bordered 
by young, ^xirous sediments of fluviatile origin. These, however, an* 
contained within larger valleys of older rocks, except for two localities, 
where leakage may be expected. One of these is through Hinuera valley 
along the old course of the Waikato, through the jiorous Hinuera sediments. 
The other is at Karafiiro itself, along the earlier course of the river north- 
east of the dam. In the former case leakage will be negligible, but the 
latter is more serious. 

An arm of the lake will extend for some distance u}> the Tunakawa 
valley, and will thus bring its margin within 20 chains of Karapiro Stream, 
where it flows at a level of 117 ft. above sea-level. The intervening country 
consists of highly f)orous sands and gravels of the Hinuera formation. In 
a former report to the Public Works Department the writer i)ointed out the 
possibility of leakage and scour developing in this direction, and also north- 
west to the Waikato. Dr. Henderson later examined the area, and suggested 
that bores be sunk across the Tunakawa-Karapiro sector to investigate 
the thickness of the Hinuera beds and the ground -water table, and that a 
geophysical investigation be made to obtain a section across the entire 
gap by the seismic method. This has since been done, and at the time of the 
writer’s last visit the first seven holes had been drilled. Their results are 
given in an earlier section. 
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From the small ^ully in Tunakawa v^alley between drill holes Nos. 1 
and 2 (Fig. ]), west to the Waikato River, the fall from lake-level to river- 
level will 1)0 1 in 19. It was thought jireviously that the bascmieni grey- 
wackes of the dam site extended through this section at sufficiently high 
level 1o counteract leakage, but this has been dis})roved by those holes. 
It has l)een found, however, that, although the water-level in Nos. 2 and 3 
was approximately 79 ft above sea-level, that in Nos. 4 to 7 w^as ov(*r 50 ft. 
higher. The former wat(*r-level is directly relat(‘d to the Waikato, from 
which the bottoms of th<‘ holes are separated only by jiermeable sands and 
gravels. Tin* ground-water table of the Tunakawa-Karajiiro section is 
governed by anotln'r factor. 

It is most likely that the Hamilton Ash shower, which covers the low 
hills of the Hamilton Hills formation and extends underground on their 
buried slopes, forms an im[)erm(‘able layer u])on which is piTcdied the water- 
level of Drill holes 4 to 7 in the Hinuera sands and gravels. In addition, 
it was immtioned pn'viously that the ryholitic breccia found in holes 2 
and 3 and the cutting n(*arby might possibly be the same as that met at 
285 ft. in No. 5, in which case it forms a deposit with more or less similar 
disposition to the Hamilton shower. Its degree' of consolidation, together 
with its total lack of sorting makes it less j)(‘rmea,ble than the sand and gravel 
members, and it will thus also restrict the movement of ground w^ater. 
It therefore apjiears jirobable that at any rate* the material of the Hamilton 
shower forms an iin])ermeable barrier between the Hinuera be*ds and the 
f)e*rme*able members of the* Hainiltejii Hills feirmation, se) that there is little 
like*lihe)()d of serieius h'akage west to the Waikate) River through the Hamilton 
Hills beds. 

In this ceinnection hole* Ne). 1 ])assed through 85 ft. of loose sands and 
gravels, jiroliably belonging te) the Hinuera formation liefeire what is probably 
the Hamilton shower was met. This lev'el will be just safe, and it is suggested 
that the Hinue*ra beels here thin to the north-west. The Hamilton shower 
will be broken alenig the course the stre*am followed at the time the ash 
shower occurred, but the buri(*d valley must be half a mile or mon* north- 
east of the river and at a sufficiently low lev(*l to make leakage negligible. 
A check on the water-levels in drill holes 2 and 3 during tilling of the lake 
will indicate any leakagi* in this direction. 

From the lake-level in the Tunakawa to the Hat bord(*ring Karajiiro 
Stream at the nearest point is a fall of J in 30. Tin* well-sort(*d, cf)arse 
sands and gravels of the Hinuera formation are likely to lx* extremely 
})ermeable, and leakage is certain to occur across this section. Were springs 
to emerge at sufficiently high l(*vel in the Ivara])iro valley as to cause scour 
in the Hinuera sediments the r(*sults would be serious. 

Retwei'ii drill holes 5 and 0 the hydraulic gradient shows a fall of 1 in 
200, and if continued south will pass 18 ft. beneath Tunakawa Stream, 
which is thus apparently ])erched on a lied of swanijiy inatc'rial. When 
Kara})iro laki? is filled, escajie of water from the Tunakawa vall(*y will 
modify this hydraulic gradient. Owing to the high jiermeability of th(* 
sands and gravels it is most likely that the effect will be merely to steepen 
the hydraulic gradient, in which case the water leaking away will escape 
into the Karapiro at or near water-level in that str(*am. If, on the other 
hand, the entire hydraulic gradient is both st(*epened and raised, springs 
will emerge at high level in the Karapiro valley, and if they are of sufficient 
volume scour may develop. In any case the filling of the lake will raise the 
water-table north and north-west of the Tunakawa and there will be a 
continuous escape of water in that direction. 
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By recording nieasurements of water-level in the holes across this 
section while the lake is being filled it will be possible to check the movements 
of the water-table. In a former report the writer suggested that the flow 
of water in Karapiro Stream could be measured before and after filling the 
lake as a means of estimating the amount of water escaping, though this 
would not give the total quantity. In such a case it will be desirable to 
measure the flow in the Karapiro both above and below tin', portion under 
discussion. 

In j)rospecting the gap between the darn site and Karapiro Stream by 
geophysical methods it is desirable that the possible extent of the welded 
rhyolite tuff at depth be not neglected. If it was faulted against the grey- 
wacke, as has been suggested, it may be present at depth through the gap, 
unless the greywacke originally formed a north-south ridge across which 
the rhyolite did not extend. Otherwise the failure of hole No. 5 to locate 
it within 320 ft. of the surface suggests its removal by erosion before the 
Hamilton Hills beds were laid down. It apj)ears likely that the ])re-Hamilton 
Hills depression, which is api)arently fairly deep, was controlled by faulting 
along the north-east margin. 
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Appendix 

Since writing this paper the writer has revisited Karapiro and re-examined 
closely the dam site and surroundings. In excavating for the foundations of 
the thrust block on the left bank a subsidiary fault, striking a little east of 
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north and dipping with arcuate plane east towards the strong fault in the 
former river-bed, was encountered. On the rising slope of the foundation for 
the thrust block, the rock east of this fault plane showed a tendency to 
slip, and had therefore to be removed. Another fault, with strike east- 
south-east and (lip about 40° to the south, was also (mrountered. This 
fault apparently defined the small gully existing formerly along th(» line of 
the dam on the left bank. 

The Taipa Stream has been divertcnl south-east into the Hauoira, and 
for part of its new cours(‘ flows in an open channel alongside the road south- 
west of the dam. Tin* channel has been excavated in rhyolitic breccia, 
which in places is quit(‘ poorly consolidated, but which appanmtly grades 
into th(‘ well-consoli(lat(‘(l tuff* (exposed in the gorge in the Hauoira Stream. 
A close inspection of (mttings along the State highway from Karapiro to 
the Maungatautari gorge revealed also a great variation not only in the 
degree of consolidation but also in texture throughout what appears to be 
a single she(‘t of rhyolitic tuff. Jt vari(‘s from what appc^ars to be welded 
tuff to loosely compacted material. It closely resembles the breccia out- 
cropping alongside the ac-(H*ss road to Karapiro, and again in the road 
cutting 30 chains to 40 (diains north-west of the dam, but do(\s not resemble 
the breccia exposed m the excavations at the dam site, and its relationship 
to the latter is not evident. 

The writer had previously, on the evidence of the presence* of rhyolitic 
tuffs of diff(*Tent degree of consolidation, suspected the existence of two 
tuffs, the older of which has been mapped as welded tuff and was thought to 
ante-date the sedimentaries of the Hamilton Hills beds, while the poorly 
(Consolidated younger one was included with the Hamilton Hills group. 
It now therefore appe^ars likely that the tuffs outcropping in the gorge of 
the Hauoira, east of the Karapiro, alongside the Karapiro access road and 
north-west of the dam, all form part of a single sheet. In this case drill 
holes Nos. 2 and 3 prove that the tuff ov(*rli('s the Hamilton Hills sedimentary 
beds. Petrological work would probably be necessary to establish the 
correlation of the outcrops. 

This amended concejition would call for modification of the geological 
history to the extent that either the rhyolitic tuff’ belongs to the youngest 
phase of rhyolitic eruption, or else the Hamilton Hills beds are (mtirely 
Pliocene. The disparity in level of the base of the sheet of tuft' in that case 
between the sittc of (Irill holes Nos. 2 and 3 and the Hauoira Stream 
suggests the tuff to have been empla(c(»d on an erodtul surface of Hamilton 
Hills beds. The complete history of this section is still, then'fore, dependent 
on the correlation or otherwise of the rhyolitic tuft’s. 
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GEOPHYSICAL INVESTIGATIONS AND DRILLING 
RESULTS EAST OF KARAPIRO DAM 

By N. Modriniak, New Zealand Geological Survey, Department of 
Scientific and Industrial Research 

\RecPtved for publication^ 17th AiKjufit, W4f^] 

Summary 

Results of magnetio and seismic observations are shown on the maps 
and briefly diseussetl. Positions of bores are shown, logs tabnlat(*d, and 
important implications pointed out. Trenches indicate tliat the depressions 
on the pumice terrace east of Karapiro Dam are probably of Maori origin. 

Introditotion 

When Karapiro Dam is lilled, the water in part will lie contained within 
hanks of unconsolidated and readily permeable pumiceous gravelly sands 
so abundant in the Hamilton basin. On th(' (*ast side of tin* Waikato 
River the Tunakawa and Karapiro streams are deeply cut m these sands 
and have steep valley sides which are separated by undissected flats. Some 
GO chains north-east from the dam the flats between the vall(*ys are less 
than 1 ,(KX) ft. wide, and when the dam is full tin* hydraulic gradient from 
the flood-level of the lake extending up the Tunakawa to the valley floor 
of the Karapiro will be about 1 in 28. Tn order that the engineers might 
have data on which they could take a})propriate measures to jirevent undue 
seepage, geophysical examinations and drillings were und(*rtak(‘n in and 
about the area. 

North of the State highway, which traverses tin* n(*ck between th(* 
Tunakawa and Kara])iro stn*ams, there are numerous round(*d depressions 
on the surface of the flat. These, which are locally known as ‘‘ Maori holes,’' 
range from 20 ft. to 120 ft. across and from 2 ft. to 12 ft. de(*p. They are 
similar in every way to tin* defiressions of which Lawrenci* Cuss(*n (Trans, 
N,Z. Inst,, 21, 1889, ]>. 411) wrote : “ Characteristic of the middle Waikato 
Basin are the numerous funnel-shaped holes to be seen everywhen* throughout 
the alluvial deposits. They w(*re formed by the subterranean or soil waters 
in passing along beneath the surface of the earth. They create small caverns, 
and, finally, underground streams which draw away the loose material 
from the surface and frequently form symmetrical funnel-shaped holes — 
the “ pot-holes ” of the settlers.” By extending the drawing-away process 
to the deeper sands some observers have suggested that these depressions 
are analogous to the collapse holes of limestone regions. On the other 
hand, Elsdon Best, on pp. 60-62 of his “ Maori Agriculture ” (Dom. Mus., 
Bull. 9, 1925) quotes evidence that the Maoris used to excavate gravelly 
sand to spread on their gardens to improve soil texture for the cultivation 
of the kumara. Grange, Taylor, and Sutherland (D.S.I.R. Bull. 76, 1939) 
mapped considerable areas of such Maori-made soils in the Waikato basin 
and (p. 39) describe the conical holes from which the gravelly sand was 
obtained. 
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The Public Works Department officers out trenches across three of these 
holes near Karapiro, and Dr. L. Grange examined these cuts as well as the 
soils adjacent to the holes. In a memorandum dated 30th April, 1&45, 
to the Hydro-electric Branch of the Public Works Department he writes 
that the “ soil surrounding each of the holes for a distance of a few chains 
is a gravelly sand which lies on the top of a yellow brown sandy loam . . . 

Farther away from the holes the gravelly sand is absent and the soil is a 
sandy loam/’ He also notes that the “ gravel beds at the bottom of the 
holes are undisturbed right across the section.” He concludes that the 
shallow depressions at Karapiro were made by the Maoris. A deeply 
entrenched gully known as Poplar Gully leads from the terrace north of the 
main highway to the Karapiro basin. Its probable origin due to sub-surface 
erosion was discussed by the writer in the previous report. 

Geophysical Observations 

Absence of outcrops of the older formations between the dam site and 
Karapiro Stream made it desirable to investigate the locality geophysically. 
The object of the survey was to determine the distribution and contour 
of the more consolidated rocks buried beneath the pumice sands and, if 
])o.ssible, to elucidate their structure. Of practical value in the present 
construction job are the rock elevations at or about the approximate 
water-level of the Waikato River at the dam site — i.e., 80 ft. above 
sea-level. 

Magnetic Wotk . — The map (Fig. 1) shows the positions of the observa- 
tion stations and the distribution of magnetic intensities of more than 
100 gamma, between 100 and zero, and between zero and —100 gamma. 

There , are two areas of higher magnetic intensity. The eastern one is 
thought to be brought about by the extension under the unconsolidated 
sands of the welded rhyolite tuff outcrops in the Karapiro valley. These 
tuffs are known to be the most strongly magnetic rocks of the district. 

The area of high magnetic value on and near the road from the dam -site 
to the State highway is not so readily accounted for. The welded tuffs 
may occur in depth, but the wells drilled in this area did not penetrate 
through the more consolidated fluviatile deposits of the Hamilton Hills 
beds outcropping at Well No. 3, which reached a depth of 285 ft. 

The belt of negative values may indicate the trend of a sand-filled 
depression or valley between the areas of higher intensity. 

Seismic Work . — Seismic studies were carried out along selected lines 
shown on the plan, and the results are represented ^aphically in profileB 
(Fig. 2). Seismic line ] extends south-west between jSores 8 and 14, both 
of which reached greywacke and so provide a base of reference. Line 3, 
nearly parallel with the first, was begun from Bore 9, about 12 chains 
north-west from Bore 14, but was discontinued owing to difficulties of 
access in the Karapiro valley. Another Jine from Bore 8 extends along 
the flats immediately south of the Karapiro valley. 

The transmission of elastic waves was poor above ground water in the 
unconsolidated sands through which a velocity as low as 1,500 ft. per second 
was recorded. The velocity in the sands below ground water was 4,000 ft. 
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per second, and this was assumed as the all-over average velocity in the 
surface beds for the calculation of *the sub-surface rock contours. Greywacke,. 
the basement rock between Point 36 and Bore 13, has velocities between 
10,000 ft. and 15,000 ft. per second. Westward from Bore 8 the rock surface 
may consist either of greywacke or of the welded rhyolitic tuffs outcropping 
in the K»rapiro valley. If these latter are present, as the magnetic work 
suggests, it is reasonable to assume that they are down-faulted and occupy 
a fault-angle depression. The whole section suggests a series of step-faults 
with the greatest depression to the east. The results of all the lines are 
incorporated in the profile. 

Only by resorting to shooting at night was it possible to reduce the 
noise level to reasonable limits. The recording of a negative velocity between 
Bores 9 and 11 is unique. Such a fictitious negative velocity is possible 
if the angle of incidence is smaller than the slope angle of the formation. 
From the scanty information available the angle of incidence was determined 
as about 30° and the slope angle at 45° though this latter may be as high 
as 51°. The greywacke reached in Bore 9 slopes steeply northward and is 
probably the face of a fault. An attempt has been made by using the 
seismic profile and surface information to outline the sub-surface 80 ft. 
contour of the hard-rock. 

Levels of Water Tables 

Generally it can be stated that the unconsolidated gravelly sands that 
form the high-level flats are highly permeable. Casing had invariably to 
be used to ensure a return of the drilling water until the water-table was- 
reached, and even below this level mud was required in some wells to ensure 
return. The beds, of course, stand better when saturated, but in several 
wells the walls kept falling in below ground- water level. The Hamilton 
Hills deposits in general stand better and are less porous, but they also 
gave trouble owing to loss of water and collapsing walls. 

Bore specimens are available on which tests of porosity and trans- 
missibility can be made. In view, however, of the irregular sedimentation 
of the several members it is doubtful if such tests would furnish practical 
results ; tests of this kind afe best carried out where possible with the 
beds in place. 

A table of the driller’s logs is incorporated in this report. The reduced 
level or B.L. is the leyel in feet from datum, which is sea-level. 

A section through Bores 9, 15, 19, and 18 has been prepared. Position/ 
of bores, depths, and water-levels are shown on the map. The hydraulic 
gradient near the greywacke contact is steep, suggesting drainage along 
the contact to lower levols, probably to thC' water-level situated in tho 
. Hamilton beds at B.L. 79, which was explored by Bores 2, 3, and A. The 
majority of bore-holes have been lined with casing so as to permit 
> observations of the water-table at raised lake level. The hydraulic gradient 
between the Tunakawa and Earapiro streams will be 1 in 26, and along 
the section of the greywacke contact between the Public Works Department 
x)iffice and the Waike^ River a|>proximately 1 in 15. 
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Table of Boks Logs : Kabafiro 


Bore 

No. 

Bedueed 

Surface 

level. 

Depth 

from 

Surface. 

Water-level 

from 

Surface. 

Bedueed 

Watw- 

level. 

Comments (all Depths in Feet), 

! 

1 

264-8 

186 

-- 


Highly permeable strata to 86 ft. from surface. 
Water returned to surface after casing. At 
lower levels water return insufficient to clear 
woD, walls of which kept falling in. „ 

2 

268-4 

326 

179-2 

79-2 

Upper porous sands to 126. Bore below open, 
with good water return. 

3 

266-9 

286 

187 

78-9 

Porous strata to 108, below wluch conditions 
similar to Bore 2. 

4 

266-8 

146 

114-1 

151 

Porous strata and casing to 108. Below walls 
kept falling in, mudding required to get water 
return. 

5 

267-1 

326 

135-6 

132 

Porous strata and casing to 131. Between 230 
and 260 no water return, mud used to 326 where 
fine sands fell in. 

•6 

267-0 

166 

138 

130 

With casing at 65, beds below absorbed water at 
4 gal. in 16 sec. Casing to 106, loss 4 gal. 
in 35 sec. ('asing to 165, loss more than 2 in. 
hose could supply. Mudding used below 166, 

7 

267-6 

175 

136-2 

1.31-3 

Very porous to 46 and at 60. M ud used. Conditions 
otherwise similar to Bore 6. 

8 

280 

116 



Greywacke at R.L. 166. 

9 

260 

66 



Weathered greywacke at R.L. 206. 

10 

244 

196 

96* 

148* 

Porous strata to 66, then water-tight to 135. 

11 

266 

166 

118 

148 

Porous strata to 46, but little loss. Good return 
at greater depth. 

12 

161-7 

105 

22 

129-7 

Cased' to 93. 70 ft. from Tunakawa. 

13 

152 

66 

11 

141 

10 ft. from Tunakawa. 

14 

166 

65 

41 

124 

No return of water till casing driven to 57 on 
greywacke. 

16 

272-6 ! 

162 

116 

166-6 

Greywacke at K.L. 123. Six weeks after boring 
well was dry. 

16 

243 

156 

70 

173 

Greywacke at R.L. 83 weathered to R.L. 166. 
Highly permeable to 34 and water lost at 60 
from surface. Five weeks after boring well 
filled with sand to R.L. 113 and dry. 

17 

240 

63 

0 

240 

Greywacke at 36 ft., weathered to 60 ft. No water 
lost. 

18 

280 

206 

1 

i 

240 

Rhyolite tuff to 75 ; pumice sand 75-106 ; coarse 
gravel 105-155; clays and sands 155-165; 
gravel and sand 1 65-205. Beds tight throughout. 

19 

266-7 

166 

70 

195-7 

Casc'd to 70 ft., then good return. Water-level 
after drilling 54, one month later 70. 

20 

273 

156 

123-6 

149-6 

10,000 gal. of clean water without return, even 
when cased to 75. Good return with mud. 

21 

260 

176 

110-6 

143-4 

Cased to 70. No return without mud. 

22 i 

266 

165 

121-6 

144-4 

No return without mud. 

A 

260 

192 

180-6 

79-6 

Private bore on Mr. Short’s farm. 
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COAL RESOURCES OF THE KAWAKAWA-WAIOMIO 
AREA, NORTH AUCKLAND 

By J. Hkaly, New Zealand Geological Survey, Department of Scientific 
and Industrial llesearch 

IRvceived for pMimtion^ I7th August, 1945 \ 

Summary 

'J’he coal-measures at Kawakawa occur at the base of the Whangarei Series 
of mid-Tertiaiy age, as a north-west strip three and a half miles long and up to 
a mile wide. Throughout, the beds dip gently south-west to west. They 
overlap from a basement of ancient greywackos of the Waipapa Series on the 
east on to claystones, mudstones, sandstones and limestones, of the Onerahi 
Series to the west. The coal is thickest along the eastern margin, where the 
former basement underlies the eoal beds, and thins to the west. 

• The coal in the Kawakawa area thinned to the west and' south in the 
workings, and drillholes beyond those limits showed coal to be thin or absents 
and further development useless, 'fo the north the evidence of drillholes and 
‘accounts, both written and verbal, are conflicting ; but, on the whole, adverse 
to the possible extension of good coal. A site, however, has been indicated 
at which the maximum amount of information can be obtained from a drillhole to^ 
put the issue beybnd doubt. 

The other possibility for locating coal is m the Wanmiio basin, to the 
south-east of the Kawakaw^a area, along the strike of the strip of VV^hangarei 
sediments. Though no outcrops of coal-measures have been found, their 
presence cannot be disproved short of drilling, which would, therefore, be purely 
speculative. The association of th% thickest coal with the greywacke basement 
at Kawakawa suggests that the eastern portion of the Waiomio basin be select/ed 
for boring, and two alternative sites have been indicated. Another site has been 
indicated to teat the presence of faulting should coal be discovered. 


Introduction 

Kawakawa Township, in the south-east corner of Kawakawa Survey 
District, lies on the main north road 37 miles from Whangarei, and also- 
on the railway-line from Auckland to Opua, being eight miles from the 
latter terminus. In the early days a coalfield was opened in the area lying 
within a mile south-west of the town, and until 1882 the Kawakawa Coal- 
mine led coal production in New Zealand. 

“ In February, 1861, Maori kauri-resin diggers reported coal cropping 
out in the bed of a small stream, evidently that one which flows thrqugh 
the present township between the school and the hospital. By 1865 a 
trial shafts and a considerable amount of boring had been completed, and 
t}ie extraction of coal by the Bay of Islands Coal Company had commenced. 

, At the end of 1871 a total of 90,000 tons had been exported from the port 
of Opua on the Bay of Islands, and by 1886 the total output had increased 
to 615,000 tons. For the next twelve years production was continuous, 
although there were considerable variations in the quantity exported from 
year to year. In 1899 a sharp decline in output from 10,600 tons to 4,000 tons, 
indicated the approaching exhaustion of the known coal-bearing area, and, 
thereafter, the decline continued until 1913, when the mine closed. In all, 
some 870,000 tons were extracted from an area of about 130 acres.” 

The above extract from Ferxar (1925, p. 107) briefly outiines the history 
of coal .production in the Kawakawa field. Between 1922 and 1926, 
3,085 tons were taken out from pillars in the old workings and from seams 
in the area south of the hospital. 
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The coal' itself was semi-bituminous, favoured for steaming purposes, 
and with better coking properties than the other North Auckland coals. 
It was taken three miles by rail to the Kawakawa River, whence it was 
barged to Opua and shipped farther afield. 

Requests from local residents in recent years to have ibb area geologically 
re>investigated reached a climax with the drive for increased coal production. 
It has b^n contended coal exists in sufficient quantity to warrant 
openiiig a new mine. The writer accordingly visited the area for short 
periods in July and September, 1943, and again in June, 1944. 

Possible extensions of workable coal were discussed by Ferrar (1925), 
and the conclusions reached are believed to be substantially correct. How- 
ever, the writer has mapped the area in greater detail, and additional data 
are presented and discussed in this paper. 

Several local residents, notably Messrs. Dodd and Fleet, and the late 
Mr. Charles Wyatt, very kindly pointed out features of the old workings 
on the ground and gave useful information. 

Previous Work 

Hector (1866) reported a total thickness of coal amounting to 13 ft. 6 in. 
encountered in an experimental shaft sunk 20 yards from the original outcrop 
in the gully south of the township. Presumably this shaft was sunk in 
1865. In addition, twenty-eight bores had been sunk over the area nearby, 
the deepest being 130 ft. An apj)endix gives data concerning the properties 
and tests of the coal, experiments having been made at the Auckland 
Gasworks. 

Hutton (1872) shows a sketch-plan in which the boundary of the coal 
formation, various bore sites, mine locations, and the supposed line of a 
fault are mapped. He reported that a mine had been opened at the outcrop 
of coal at the Waiomio Swamp. This presumably is in the small gully 
where the winding engine was installed, 10 to 15 chains south of the present 
railway-station. The coal was followed, “ N. by E.,'* by a gallery for 27 
chains, till a fault was met with a throw of approximately 70 ft. down to 
the south. This is apparently a mistake, and the direction of working 
should be “8. by E.” The coal thinned in this direction. Elsewhere the 
thickness varied from 16 ft. to 7 ft., and averaged 12^ ft., and the coal 
dipped W. by N. one in six. The logs of two holes adjacent to the fault 
are quoted, and it is suggested that the fault accounts for the fact that 
Moody’s outcrop is about TO ft. lower than the original seam. 

A later sketch-plan was published by Denniston (1877) to show the 
location of three holes whose logs he described in detail. Near the present 
school site the seam was stated to be 8 ft. thick, to be overlain by soft, 
green sandstone, and to dip west to north-west. Northward the coal 
undulated from 6 ft. to 10 ft. in thickness. He suggested that further 
extension of the mine to the north beneath the swamp would interfere with 
the safety of the mine, and that the coal would thin, as the older slates rose 
in that direction. Hector (1877) considered that the future of the mine 
would depend on the development south of the fault, as the engine dip 
and lower level had been developed to about the maximum possible with 
the existing pumping shaft and facilities. 

* Cox (1882) discussed the geology of the new dip section running south- 
west from the engine, where a pumping shaft was sunk in 1879. He explained 
the thinning of the coal towards the dip (south-west) by postulating a 
local '' ridge ” in the old slate floor, beyond the crest of which the coal would 
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be found to thicken again. Cox thought there might be an unconformity 
between the calcareouB sandstone forming the roof in the sinking pit of the 
pumping shaft and the green sandstone that forms the roof to the east in 
the old workings, but he stated that he was not satisfied on this point. His 
section showed the suggested relation. He also mentioned the Waiomio 
limestone, which he found resting on the old slates, and considered it to be 
unconformable to the coal-measures. 

The most comprehensive report to date was given by McKay (1884), 
who included a plan showing the location of four diamond-drill holes sunk 
at points beyond the margins of the old workings. He discussed the logs 
of these holes and their bearing on the stratigraphy from the point of view 
of locating more coal. He drew a section showing the coal-measures resting 
on a basement of Devonian slates, and overlain by greensand and calcareous 
sandstone passing up to white limestone. Above the limestone he placed 
shale with flints, hydraulic limestone, upper greensands, and grey marls, 
in that order. The shales and claystone between the Waiomio east and 
west branches and 20 chains north-west of the East Waiomio turnoff he 
included in the beds overlying the Waiomio limestone. 

McKay stated that the coal thinned south of Moody’s outcrop, and also 
to the dip in the main workings, to the north beneath the swamp, mining 
would be dangerous. He considered, however, that the uneven thickness 
of the coal was due to irregularities in the surface of the basement rocks, 
and that there was a tendency for the coal to thicken again towards the 
Waiharakeke Swamp for certain reasons. However, the coal would be found 
only at great depth in this direction, and he recommended a bore site 
west of the swamp where coal should be found at 700 ft. 

Hector (1894) followed McKay m placing the hydraulic limestone series 
above the coal-measures, but he differed in detad by placing an upper cal- 
careous sandstone above the hydraulic limestone, in an interpretation of 
the section through the length of the engine dij) and the two diamond-drill 
holes to the west. Another section at the south end of the workings showed 
the limestone to be unconformable to the greensands, following Cox (1882). 
A sketch-plan shows the sites of the diamond-drill holes mentioned by 
McKay with reference to the old workings, and the detailed logs are given. 

McKay (1898) apparently changed his mind about locating more coal in 
a report on drilling operations west of Waiharakeke Swamp by the Russell 
Syndicate. He pointed out that the beds overlying the slates at Turntable 
Hill had no coal at the base, and as the hole already commenced would 
have to go to 1,0(X) ft. to reach coal in any case he advised that drilling be 
stopped. He still thought there might be a chance of obtaining coal at 
shallower depths farther west round the margins of the basin, and possibly 
also in the basin of Waiomio Creek. 

Ferrar (1925) separated the beds overlying the old basement rocks into 
the Onerahi Series of Upper Cretaceous age, including limestones, claystones, 
shales, greensands, &c., and the Whangarei Series of Miocene and Oligocene 
age, including the coal-measures, with unconformities separating the three 
rock groups. The Whangarei Series passes from the basal coal-measures 
up into marine sandstones, then to limestones or calcareous sandstones 
into which the limestones grade laterally, and, finally, calcareous mudstones 
and flints near their base. Ferrar also referred to “ coloured clays ” overlying 
the calcareous sandstone in the KaWakawa area. He retained the un- 
•conformj.ty first suggested by Cox between the limestone or calcareous 
aaudstone and the underlying greensands. 
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Ferrar’s map of the Kawakawa Coalfield ^hows a strip of ‘ Wliangarei 
beds trending north-west from Waiomio to south-west of Kawakawa Township 
to the edge of the swamp there. Two lobes extend south-west from this^ 
strip, one at the mouth of the Waiharakeke Stream, and the other three- 
quarters of a mile to the south. Both are cut off by a fault following the 
Waiharakeke Stream. Ferrar considered that any coal remaining under the 
swamp west of Kawakawa would be unsafe to work. He stated that the 
workings in that direction encountered what was thought to be a fault, but 
may actually have been alluvial deposits, as there was an inrush of water. 
He suggested that the most likely extension of coal would be found in the 
upper Waiomio basin, where he recommended prospecting by drilling. 

Other information concerning mining operations is to be found in several 
early pajiers relating to minerals and mining, published by the Mines Depart- 
ment in their annual statements. An unpublished private report by J. R. 
Chaffey (1906) on other properties in the Kawakawa district discussed the 
geograjihy of the region and the land tenure rather than the geology, and 
merely recommends an indefinite boring programme. 

Physiography and Structure 

At the end of the Tertiary period the North Auckland area seems to have 
undergone pcneplanation. Then at the close, intermittent faulting, accom- 
panied by volcanic outbursts, modified the land surface, which was also 
elevated and subjected to renewed erosion. The disru})te(l remnants of the 
old peneplain form many plateaux throughout the region, esyiecially where 
jireserved in the more resistant greywacke country. 

In the Kawakawa area a major fault with throw of over 500 ft. trends 
east-north-east and defines the valley of the Kawakawa River, which flows 
in that direction to the Bay of Islands in an alluviated fault-angle de})res8ion. 
The township of Kawakawa is on the downthrow side of the fault, at the 
foot of the slopes rising away from the alluvial plain. The old penej)lain 
had bevelled alike greywackes of the Waipapa Series, limestones and sand- 
stones of the Whangarei Series, and limestones, mudstones, and cl ay stones 
of the Onerahi Series, all these having been previously faulted and folded 
along the lines trending north-west before pcneplanation commenced. The 
present contact of the Whangarei beds with the greywacke trends south- 
east from Kawakawa School to Waiomio, and the plane of contact dips 
south-west, oblique to the Pliocene peneplain. 

The Whangarei strata, which previously extended north-east across the 
greywacke, were removed during the Pliocene ; and the dissected surface of 
the greywacke rises gradually to the east. To the south-west Whangarei 
beds overlap on Onerahi rocks. The former beds are in a strip one mile 
wide, and are defined along the west margin by both faulting and folding. 
The Onerahi terrain, which present's little resistance to erosion, forms wide 
ridges of low relief, but the area covered by Whangarei bedts, south-west of 
Kawakawa, still retains a vestige of accordant summit levels, despite the 
dissection. 

Waiomio Stream, in its lowest course, is entrenched in greywacke and 
follows the former line of contact of those beds with the Whangarei beds. 
Three miles up it divides, the east branch heading back along the centre of 
the strip of Whangarei limestone to the greywacke beyond, and the west 
branch heading back into Onerahi country. 

Although the north-east contact of the Whangarei sediments with the 
greywacke is, in places, apparently steeply dipping, there do not appear to 
be any signs of faulting along it. The basal beds containing thfe coal-measures 
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were apparently laid down along a trough following th<^ contact of the 
greywacke with the Onerahi beds, which probably was fault-dehned. This 
relationship is a striking one throughout the North Auckland coalfieldvS. 

The contact of the Whangarei strata with those of the Onerahi on the 
south-west is certainly at least, in part, defined by faulting. Lack of 
knowledge of the complete stratigraphic relations makes accurate mapping 
impossible, especially in the northern sector. 

Ferrar (1925) showed remnants of Pleistocene dejiosits of the Purua 
Series capping several ridges west of the Kawakawa area, and it appears 
fairly certain that f)atches of similar beds exist much nearer to the township. 


Records op Logs 

Records of eleven drillhole logs are available, and the writer has recorded 
the approximate positions of these on the map. Four of these sites were 
marked by Ferrar (1925) on his maps, but there appear to have been in- 
accuracies in his base maps, which cannot be reconciled with those used 
by the present writer, so the relative locations of those sites have been 
altered. Those located on the present map have been fixed as near as 
possible from old plans showing features also marked on the present one. 

For purposes of this report the drillholes have been renumbered, but the 
old reference and number is given in each case. Ferrar did not quote the 
logs ; but for the sake of completeness it is thought desirable that they be 
included in this report. They are as follows : — 


DrillhiOle 1 . Hutton (1872), marked A ” on Hutton’s sketch-plan — 


Grey sandy clay . . 

Hard ^^rey calcareous sandstones 
Green sandstone . . 

(’oal 


45 ft. 

45 ft. 


52 ft. 

!t7 ft. 


71 ft. 

1()8 ft. 


7 ft. 

176 ft 



Total . . . . . . 175 ft. 


DriUhoU No. 2 .* Hutton (1872), p. 117, and marked “ B ” on sketch -plan — 

Grey sandy clay and surface beds . . . . 74 ft. 74 ft. 

C’alcareous sandstones, limestones, and calcareous 

partings . . . . . . . . 163 ft. 237 ft. 

Greensands with calcareous bands and con- 
glomerates . . . , . , . . .35 ft. 272 ft. 

Coal . . . . . . . . . . 5 ft. 277 ft 

Fireclay . . . . . . . . 5 ft. 282 ft. 


Total , . , . . . 282 ft. 


Drillhole No. 3 : Denniston (1877), No. 1 Hole of IJenniston- 


Soft clay 

. . . 

20 

ft. 

0 

in. 

20 

ft. 

0 

iiu 

Soft sandstone’ or claystone . . 


25 

ft. 

0 

in. 

45 

ft. 

0 

in. 

Hard rock 


51 

ft. 

6 

in. 

96 

ft. 

6 

in. 

Soft white stone . . 


15 

ft. 

0 

in. 

111 

ft. 

6 

in. 

Soft green sandstone 

. . 

14 

ft. 

0 

in. 

125 

ft. 

6 

in. 

Hard and soft green sandstone. 

boulders, and 









clay . . 


14 

ft. 

0 

in. 

139 

ft. 

6 

in. 

Hard grey limestone 

. . 

17 

ft. 

0 

in. 

156 

ft. 

6 

in. 

•Conglomerate 

. . 

10 

ft. 

0 

in. 

166 

ft. 

6 

in. 

Coal . . 

. . 

4 

ft. 

6 

in. 

171 

ft. 

0 

in. 

Fireclay . . 

.. 

2 

ft. 

6 

in. 

173 

ft. 

6 

in. 

Total 


173 

ft. 

6 

in. 
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Drillhole No, 4 : Dennijstoi) (1877), No. 2 Hole of Benniston — 

Hard cement . . . . . . . . 6 ft. 8 in. 6 ft. 8 in. 

Mixed brown clay and pebbles . . .. 17 ft. I in. 23 ft. 9 in. 

White pipeclay and pebbles . . . . 28 ft. 3 in. 52 ft. 0 in..^ 

Stiff green clay, oxidized . . . . .. 20 ft. 0 in. 72 ft. 0 in. 

Hard brown clay . . . . . . . . 2 ft. 0 in, 74 ft. 0 in. 

Hard grey limestone . . . . . . 11 ft. 3^ in. 85 ft. 3^ in. 

Hard grey and green clay .. .. '.. 3 ft. 9| in. 89 ft’ ij in. 

Hard grey limestone . . . . 4 ft. lOf in. 94 ft. 0 in. 

Grey and brown limestone . . . . . . 11 ft. 3j in. 106 ft. 34 in. 

Hard grey limestone mixed with clay . . 26 ft. OJ in. 131 ft. 3} in. 

Hard brown sandy clay .. .. 1 ft. 10 in. 1.33 ft. IJ in. 

Free cutting reddish to brown limestone mixed 
with clay . . . . . . . . 3 ft. in. 136 ft. 8 in. 

Hard brown clay . . . . . . . . 1 ft. 7 in. 138 ft. 3 in. 

Total . . . . . . 138 ft. 3 in. 


Drillhole No, 5 : Denniston (1877), No. 4 Hole of Denniston^ — 


Strong yellow stone 

. , 

. . 

30 ft. 

0 in. 

30 ft. 

0 in. 

Brown sandstone . . 

, , 


0 ft. 

6 in. 

30 ft. 

6 in. 

Compact mass of chert imbedded in strong clay 

13 ft. 

4 in. 

43 ft. 10 in. 

Black marl 



0 ft. 

6 in. 

44 ft. 

4 in. 

Stone, very hard . . 



1 ft. 

0 in. 

46 ft. 

4 in. 

Drift gravel (loose) 

. , 


e ft. 

3 in. 

61 ft. 

7 in. 

Brown soft sandstone 

, , 


3 ft. 

0 in. 

54 ft. 

7 in. 

Stone, very hard . . 



i ft. 

8 in. 

60 ft. 

3 in. 

•Grey sandstone 



8 ft. 

6 in. 

64 ft. 

9 in. 

Blue limestone, hard and fine-grained 


17 ft. 

7 in. 

82 ft. 

4 in. 

Band of blue clay . . 



0 ft. 

4 in. 

82 ft. 

8 in. 

Blue limestone, very hard . . 



16 ft. 

8 in. 

98 ft. 

4 in. 

Blue clay parting . . 



0 ft. 

3 in. 

98 ft. 

7 in. 

Blue and grey limestone 



66 ft. 

6 in. 

164 ft. 

1 in. 

Olay partings and limestone 



74 ft. 

4 in. 

228 ft. 

5 in. 

Coal, inferior, mixed with black clay 

coal and 





marl . . 



3 ft. 

4 in. 

231 ft. 

9 in. 

Fireclay 



14 ft. 

0 in. 

246 ft. 

9 in. 

Brown shale 



0 ft. 

11 in. 

246 ft. 

8 in- 

Blue stone, trace of lime 

• / 


4 ft. 

6 in. 

261 ft. 

1 in. 

Fireclay 



2 ft. 

4 in. 

263 ft. 

5 in. 

Hard, white sandstone 



3 ft. 

8 in. 

267 ft. 

1 in. 

Sandstone, coarse and dark. . 



14 ft. 

1 in. 

271 ft. 

2 in. 

Blue stone, with shale bands 



30 ft. 

0 in. 

301 ft. 

2 in. 

Coal, inferior (brown) 



0 ft. 

3 in. 

301 ft. 

6 in. 

Brown shale 



0 ft. 

9 in. 

302 ft. 

2 in. 

Blue stone, shale bands 



18 ft. 

0 in. 

320 ft. 

2 in. 

Coal, good 



0 ft. 

3 in. 

320 ft. 

6 in. 

Brown fireclay and coal 



0 ft. 

9 in. 

321 ft. 

2 in. 

Blue stone and sandstone . . 



117 ft. 

0 in. 

438 ft. 

2 in. 

Total 



438 ft. 

2 in. 




Drillhole No^ 6 : McKay (1884) and Hector (1894), Diamond Drill, hole No. 1. 
Also shown on Ferrar’s maps (1925) — 


Sur&ce clay and Recent 

. . 66 ft. 

66 ft. 

Whangarei limestone 

. . 249 ft. 

315 ft. 

Marly greensands and Island Sandstone 

. . 186 ft. 

601 ft. 

Coal formation 

. . 48 ft. 

549 ft. 

Devonian 

... 47 ft. 

596 ft. 

TotaL .. 
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Drillhole No. 7 ; McKay (1884) and Hector (1894), Diamond Drill, hole No. 2. 
Also shown on Ferrar’s maps (1925) — 


Surface clays and Recent .. .. .. 11 ft. 11 ft. 

Blue clay, passing to Amuri limestone with flints 234 ft. 245 ft. 

Whangarei limestone . . . . . . 208 ft. 453 ft. 

Marly greensands and Island sandstone . . 193 ft. 646 ft. 

Coal formation (1 ft. coal) .. .. ..39ft. 685 ft. 

Devonian . . . . , . . . . 4 ft. 689 ft. 


Total 689 ft. 


Drillhole No. 8 : McKay (1884) and Hector (1894), Diamond Drill, 
shown on Fen*ar’s maps (1925) — 


Surface clays and Recent . . 
Whangarei limestone 
Coal formation (1 ft. 3 in. coal) 
Devonian 


46 ft. 

245 ft. 

31 ft. 

1 ft. 8 in. 


hole No. 3. 


46 ft. 
291 ft. 

322 ft. 

323 ft. 


Also 


8 in. 


Total 


. . 323 ft. 8 in. 


Drillhole No. 9 : McKay (1884) and Hector (1894), Diamond Drill, hole No. 4. 
shown on Ferrar’s maps (1925) — 


Surface clays and Recent . . . . . . 83 ft. 83 ft. 

Marly greensands and Island sandstone . . 68 ft. 151 ft. 

Coal formation (1 ft. coal) . . . . . . 17 ft. 6 in. 168 ft. 

Devonian . . . . . . . . 16 ft. 0 in. 184 ft. 


Also 


6 ia. 
6 in. 


Total . . . . .. 184 ft. 6 in. 


Drillhole No. JO (Mines Department file N. 12/18): Hole No. I sunk m 1928-29. 
This hole passed through 260 ft. of solid white limestone to a slate floor, no coal. 

Drillhole No. 11 (Mines Department file N. 12/18) : Hole No. 2, sunk 1928-29. 
This hole was 380 ft. deep, and passed through limestone, conglomerate, &c. The drill 
superintendent stated that the coal was at least 500 ft. deep at this point, and the plant 
could not reach it. 

Drillhole No. 12 : (Mines Department file N. 12/18) : Hole No. 3, sunk in 1928-29. 
The hole passed through 30 ft. of solid limestone near the surface, then through old sea- 
bed, presumably the marine greensand, to a total depth of 290 ft. A broken seam 
only was met at the bottom. 

DrillkoU No. 13 (Mines Department file N. 12/18) : Hole No. 4, sunk in 1928-29. 
This bore reached to 90 ft. in a place where local authorities considered good coal would 
be met between 80 ft. and 90 ft. from the surfooe, but no ctefined seam was met, merely 

broken coal. * i . t 

The last four holes have not previously been recorded in geological literature. In 
addition, the earliest reports indicate that several holes were sunk over the coalfield 
before working commenced, but no records or plans of them are available. Of the^ 
thirteen holes logged in this report, eleven were sunk beyond the main coalfield in attempts 
to locate extensions of the coal , . . u 

In the Mines Statement for 1898 it was stated that four holes were sunk in the 
swamp area west of the township, to depths of 60 ft. to 136 ft., and that irregulai* coal 
up to 5 ft. thick was encountered. Mr. Fleet pointed out to the writer the site of one 
of these, where he stated 4 ft. 6 in. of coa;l was met at 140 ft, from the surface, and ^ 
location has been marked on the plan as No. 14. He stated that, several chains to the 
north-west, a second hole had shown the coal to thicken to 6 ft. 

STEA-nGBSFHY 

(3ertaui problems are introduced in the area which would require lengthy 
in SO far as the complete stmtign^hic column is concerned, but afr 
vM)uld in BO way affect Uie distribution of possible coal- 
measures a brief statement of stratigraphic relations has been considered 
sofficiezit for this report. 
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The coal-measures themselves form the basal members of the Whangarei 
Series of mid-Tertiary age, and rest unconformably on rocks of three older 
fleries. The oldest of the basement rocks are Mesozoic or older, and comprise 
greywackes and argillites of the Waipapa Series. The thickest portions of 
the coal-seams rest on these rocks. Next come a series of argillites and 
well-consolidated shales and claystones of the Kaeo Series (not previously 
recognized), which underlie the coal-measures in the main road cutting 
opposite the quarry a mile south of Kawakawa Township. They are visible 
only for a few chains and are faulted against the Waipapa rocks as a narrow 
strip. The youngest beds below the coal members are limestones, shales, 
sandstones, &c., belonging to the Onerahi Series of Eocene age. 

The greywackes of the Waipapa Series are exposed in the townshij) area 
and south along the main road for a mile. They are overlain by Whangarei 
strata, the contact trending south-east from a short distance west of the 
railway-station to the main road at the quarry a mile st)uth of th(‘. town, 
thence across the road for three-quarters of a mile till it crosses Waiomio 
Stream. The contact then continues south-east to the southern end of the 
Waiomio East basin, a total distance of three and a half miles. The beds 
of the Whangarei Series form a strij) up to a mile wide, and dip south- 
west on a plunging greywacke surface, which, under the former beds, jjasses 
beneath, or is faulted against, the rocks of the Onerahi Series which thus 
form the basement for the Whangarei beds along their south-west portion, 
and come to the surface exclusively in that direction. 

The small strip of rocks referred to as the Kaeo Series is unique in the 
area under discussion, and clearly does not belong to either the Waipapa or 
Onerahi sediments. It closely resembles rocks in other parts of North 
Auckland that have been included in the Kaeo Series by Bell and Clarke 
{loc, cit,). It has been classed accordingly and not as the Onerahi Series as 
defined by Ferrar (1925). 

The Onerahi Series are now generally thought to be Eocene, and what 
evidence of their age is available from other parts suggests they belong to 
the Bortonian stage. Their structure is usually complex, due to acute- 
folding, and fossils are comparatively scarce. Their stratigraphic sequence, 
and consequently correlations, are, therefore, very incompletely known, and 
mapping has been largely determined by lithologic comparisons. The 
hydraulic limestone facies, which is found in the Kawakawa district, both 
in the Waiomio East and Waiharakeke basins, is usually regarded as belonging 
to the true Onerahi Series, but there are extensive deposits of shg-les, mud- 
atones, sandstones, and claystones of various colours, with, in places, 
Associated siliceous bands whose age is unknown. Such beds outcrop over 
much of the area south-west of the Whangarei rocks in the Kawakawa area^ 
And extend west and south-west for many miles. It is thought that certain 
members of these do not belong to the Onerahi group, but are older, probably 
Upper Cretaceous, though it is at this stage impossible to map them as^a 
Aeparatc unit, and the previous policy of including them with the Onerahi 
Beries has been followed in this report. 

The Whangarei Series was laid down during the Miocene, when a landmass 
of a certain amount of relief was slowly submerged. In the inland basins 
And coastal estuaries, where suitable vegetation was available — ^and this 
eeems to have been in and adjacent to the terrain of true Waipapa beds — 
coal-measures accumulated during the early stages, and these always occupy 
the extreme basal portion of the Whangarei beds in the area. As the sea 
broke in, with continued submergence, marine sandslpnes accumulated 
And later these gave place to calcareous members, Which now occur as 
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white crystalline limestone where other sediments were at that time lacking. 
This gives the general sequence of the Whangarei beds in the Kawakawa 
and Waiomio areas. 

Holes sunk in the coalfield area reveal that the coal-measures lie directly 
on slates, apparently of the Waipapa Series. In the road cutting near the 
quarry, one mile south from Kawakawa Township, the base of the scries is 
seen to lie unconformably pn beds of the Kaeo Series. From th(‘ base up 
the sequence is as follows : 1 ft. to 18 in. of well-cemented quartz grit, 

6 in. to 1 ft. or carbonaceous shale, 1 ft. of black, silicified shales and quartz 
sandstone, then light grey glauconitic sandstone. The coal-measures are 
only 6 ft. thick at this place. Hole No. 6 gives a typical section in the 
coalfield area. The greensands a})pear to grade laterally into a hard, cal- 
careous, green sandstone and the white limestone of the Waiomio area into 
hard grey limestone where it contains sedimentary impurities. Near its 
base at the extreme south-east margin of the series the base of the limestone 
contains quartz grit and overlies coarse grit conglomerate with yiebbles of 
greywacke up to 2 in. in diameter, which appear to separate the limestone 
from the greywacke basement. No outcrops of coal-measures w(*re found 
in that section. 

As a general rule the coal-measures appear to have thickened towards 
the south-west, though the actual coal-seams thinned in that direction. 
This is probably due to larger basins having existed in the more easily 
•eroded area of Onerahi sediments, combined with the fact that the dense, 
vegetation yielding the material for the coal at the same time was confined 
to the gr(*ywacke, land. The greatest total thickness of coal a})pears to 
have been about 16 ft. and the greatest averijige thickness to have been 
along the north-east and north portions of the worked-out area. 

The coal-measures are exposed also in the gully 2.5 chains south-west of 
the hospital, where shallow coal was taken out a few years ago. vSilicified 
sandstones, carbonaceous sandstones, and fireclay are the rocks exposed ; 
but, as the floor is black, silicified sandstone, the coal seems to have been 
removed from a false bottom only. Until the basement rocks are reached 
there is still a chance of another seam below the silicified sandstone. In 
the gully near Moody’s outcrop a sequence downwards from conglomeratic 
greensand through 1 ft. of carbonaceous sandstone, 6 in. to 1 ft. of })oor coal, 
1 ft. of carbonaceous sandstone, 5 ft. to 6 ft. of fireclay and black shale, and 
light-grey sandstone, mostly silicified, is exposed not far above an outcrop 
of greywacke. In recent years drives went from here as far as the old 
workings. Other similar outcrops are to be seen in the vicinity of McLeod’s 
outcrop, east of the main road south. 

The greensands are well exposed in the gully south-west of the hospital, 
down-stream from the coal-measures. They outcrop also along the main 
road south of the exposure of the coal-measures near the quarry, for a 
distance of over half a mile, and within that distance are seem in places to 
grade into calcareous sandstone. In the Waiomio East basin the crystalline 
limestone forms prominent outcrops similar to those well known in the 
Waro area near Hikurangi. West of Waiomio West Stream no outcrops 
of white limestone are to be seen, as it apparently grades into a dark-grey 
limestone in that direction ; but rock described as Whangarei limestone 
was met in some of the drillholes in the Kawakawa area. 

In the cutting near the top of the hill, half a mile north of the Waiomio 
oorner, an unconformity in the Tertiary beds is exposed. A red grit 
anconformably overlies the marine sandstones of the Whangarei Series. 
A.bove it again at the top of the hill are clays with fragments of siliceous 
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material probably derived from Onerahi rooks. The age of the last- 
kneBtioDed beds is probably Pliocene or younger, and the age of the red 
grits is unknown, but neither is a mappable unit and both are included within 
the area of Whangarei sediments. 

Sandstones, shales, and claystones outcropping in a gully near No. 2 
drillhole are thought to belong to the Onerahi Series, or older beds, though 
mapped with the Whangarei sandstones and limestones by Perrar. Outcrops 
of whangarei crystalline limestone there appear -to be residual blocks resting 
on, rather than underlying, the accompanying beds exposed in the gully. 
In the Waiomio area Ferrar described similar beds as overlying the limestone, 
but the writer found vertical red shales, similar to those in the gully last 
mentioned, between two of the large limestone blocks ten chains south of 
the oaves. Large-scale faulting is also attested by an extremely coarse- 
fault breccia exposed in a cutting on the main road 15 chains north of the 
Waiomio corner, and again 15 chains to 20 chains farther north. At the 
latter place there are also small low-angle thrust faults intersecting the 
Whangarei sandstones and overlying red grits. The description from 
drillhole No. 7 of beds resembling the Onerahi sediments as overlying the 
Whangarei limestone also suggests the possibility of the presence of large- 
scale overthrust faulting, but there are no outcrops of the beds concerned in 
that area, and positive field evidence of the nature and extent of such faulting 
is lacking. Consequently detailed mapping along the north-west margin of 
the Whangarei beds is impossible. 

The logs of drillhole No. 6 and the shaft between it and the railway- 
station suggest that the Pleistocene Purua beds "may be more widely 
distributed than indicated by Ferraras mapping. Much of the ridge south- 
west of the old workings may belong to this series. 

Possible existing Coal REsauRCES 

The writer was given access to the old Kawakawa Mine plan, brought up* 
to date to 1894. The limits of working as shown on the plan have been 
marked on the map accompanying this report. It agrees reasonably well 
with the plan published by Hector (1894), in which the thicknesses of coal 
at various points in the peripheral worldngs were shown. The strike of 
the coal on the average was north-west, and the dip south-west, swinging 
to north-west at the north-end. Towards the dip it thinned throughout 
most of the mine, as also towards the south, and indioth of these directions 
mining extended as far as was payable. Extra coal was taken out from the 
surface south-west of the hospital, and underground from the direction of 
Moody *s outcrop, but holes Nos. 8, 9, 10, und 11, and the evidence from the 
outcrop on the main road near the quarry, suggest that there is no 
possibility of an extension of the worked :^Id to the south. 

McKay (1884) considered that the Onerahi beds overlay the Whangarei 
Series, and that the coal-measures would consequently he found at greatly 
iincreased depths to the west, but that inteipretation and its dediuetiofi& 
must be discarded.- At the same time ^hrillholes 6 and? prove the consistent 
thinning in that direction as indicated also in the actual workings. 

In the north there appears to be conflicting evidence in the data available^ 
and it it in this direction that there has be^ most interest diown by bhose 
locally concerned the locating of a ne^ coalfield. The old workmgs 
in this direction extended towards the swamp covering much of the flat 
through which flow the Bamarama and Ngapipito streams. The dip of the 
coal seems to swing gradually round here unt^l it £ps north-west. Numcmus^ 
reasons appear to have been giVen for ^e cessation of work in ihis section.. 
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Hector (1894) slated that the coal was cut off to the north by a “ master 
fault,” shown in the 1867 report. There does not ap})ear to be such a report* 
unless he refers to Hutton’s (1872) report, where, as mentioned previously* 
it is belie v(*d that a mistake in direction was made in saying that the coal 
was worked " N. by P].” instead of “ S. by P].”, in which direction a fault was 
encountered and is illustrated on the map accompanying^ that rejiort. The 
area under consideration was certainly not bein^ worked as early as 1867* 
Ferrar (1925) stated that to the north “ an inrush of water and gravel took 
place, and the s(*am came to an end against what was thought to be a fault. 
More [irobably* how(*v(‘r, the workings ri'ached the alluvial dejiosits of the 
stream that flowed down the Kawakawa Valley in Pleistocene times.” 

There a])p(‘ars to have been flooding in the north, f)ut to what extent is 
unknown. The de])th of gravels filling the old Kawakawa valley is unknown* 
and drillhole No. 13, which met broken coal at 90 ft aj)])arently did not 
show th(* gravels to extend down to the depth necessary for them to have 
broken into the old workings. Local residents state that then* was a good 
face of coal in the north when th<‘ mine closed, and are of tin* opinion that 
the mine was closed by the directors when the Hikurangi Mine commenced 
work. Mr. Fleet, whose father worked in the mine, and who was a boy and 
in the habit of going underground at the time that work ceased in that section* 
states that there was a face of 7 ft. of coal at the time of closing. 

Drillhole No. 5 showed 3 ft. 4 in. of inferior coal at a depth of a])proxi- 
mately 230 ft. from the surface, with seams a few inches thick for some* 
distance b(‘low. A brok(‘n seam was met in No. 12, and also in No. 13. 
No. 11, at a site intermediate between the last twx), gave 4 ft. 6 in. of cual, 
which was reported to have thickened to 5 ft. in another hole a few chains 
to the north-west. These are tw'o of four holes mentioned in th(‘ Mines 
Statement for 1898, in which it is stated that the coal was irregular under 
the swamp, and not thought to be payable. 

Thus the balance of evidence for the extension of coal under the swam}> 
IS unfavourable, another objection adduced by several writers being that 
the ground would be w^et and treacherous. That, of course, would depend 
on the nature and thickness of the overlying strata. There is thus a certain 
amount of conflicting evidence, and the WTiter is of the opinion that, to settle 
the matter, a carefully cored hole between Nos. 13 and 14, at a site marked 
” A ” on the accompanying map, would give the maximum amount of 
information. 

The other juissibility of locating a new^ coalfield appears to be in the 
upper Waiomio East basin, where drilling w’as previously recommended by 
both McKay (1898) and Ferrar (1925). There is no direct evidence for the 
presence of coal in this area, as no beds belonging to the coal-measures 
have been found, and, indeed, at the southern margin of the basin the 
limestone seems to be separated from the greywacke by conglomerate only, 
both the greensands and the coal-measures being absent. An outcrop of 
brown sandstone, probably belonging to the marine sandstones beneath the 
limestone and above the coal-measures, was found m the gully north-east 
of the Waiomio Caves. This suggests that the same sequence as found 
farther north-west towards Kawakawa is here [iresent, though to what 
extent the full sequence is developed is not known, and there is no way of 
determining except by drilling. Ferrar (1925) showed a suggested cross 
section of the Waiomio Valley, in which he postulated a thickening of the 
marine sandstone beneath the limestone in the centre of the valley, with 
possible coal-measures at the base. The evidence from the Kawakawa area 
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is that the eoal was thickest nearest to the greywacke on the east margin 
and it is reasonable to expect that in the Waiomio the same relation would 
hold if coal were present. It is therefore thought that drilling to 2 )rospect 
for coal should preferably explore the eastern half. Suggested sites for 
drilling have accordingly been marked alternatively at “ 13 and C.’' 
A hole sunk at either site should [irove conclusively whether coal-measures 
are prescmt in this basin and whether further pros^iecting would be warranted. 

It was mentioned ])reviously that claystones, thought by Ferrar to overlie 
the limestone, were found by the writer standing vertical between two 
large limestone blocks. This suggests faulting, which would influence 
strongly the working of any coal located in the Waiomio area. It is therefore 
suggested that if coal be located at either of the two sites selected, a further 
bore be sunk at “ 1) ” to test the presence of the ])Ossible fault. 
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THE CONSTITUTION OF TARANAKI IRONSAND 

By A. D. Monro and (4. Beavis, Victoria University College, Wellington 

[Heceired for piihliration^ 2JM Sepirmho , /V-/5] 

Summary 

W oi’Iv on Oic Hoiefiivo action of reagenia on ironsand is r<‘Vic\\c(l an<J 
CAtcrided. It is shown that the chemical evidence supports tlie postulate of 
vanadium eoutaimng titano- magnetite being the chief mimaMl — not separate 
titanium ami \anadium mine^rals. 

In a pa])er by C. O. Hutton (this Journal (1945), 20 (Sfr. li), li, 291), the writer 
stressed the relativ(‘ absence of jmre titanium minerals, and showed that 
the titanium was jiresent as a tita nomagnetite (ferro-magmdic) and titano- 
h8ematit(‘ (]>arii-magnetic). Thus the strongly magnetic portion contained 
Ti and F(‘ in one mineral of sjiiind type. He also stated that h(‘ believed the 
vanadium associated with the ore to occur in the same spiiud structure. In 
this jiaper we ]mt forward purely chemical evidence in favour of a similar 
conclusion, evidence which has accumulated during a study of methods of 
extraction of vanadium from ironsand. So many promising methods 
Imsed on difTi'rential attack of the miiuTal have failed to separate* titanium 
and vanadium from ironsand that the writers have* be*en fore*eel tei the 
ceniclusion that no me'thexl will succ(*ed unless it is based on the ehemical 
change anel attack eif the whole nimeral. All emr work was carrieel out on 
the magnetically separated ore, which thus contained titanemiagnetite rather 
than titaimhaMnatite, Through the courtesy eif the Dommiem Labeiratory 
we had access tei a yery fine* series eif samples taken for a survey of irem 
resemrees, anel altheiugh many estimations f)f vanaelium were* elone on 
indivielual sam])les of that series, the mam weirk elescribed hereafter was 
elone em a Patea cemiposite sam])le which represents the very large eleposits 
occurring in that le»cality. 

(a) Fusion Methods . — One e>f us (A. D. M.) with H. S. (bbbs has publishe*el 
a list eif fusiem methods and their results (this Journal (1938), 19. 523). The 
most |)reunising of these fusions was a fusion with calcium eixide anel calcium 
chlorielc, re*suitmg in good extraction eif vanaelium, hut a eliflicult separation 
from titanium. In this ])aj)er we aeld two new tyjies eif fusion. Seielium 
carbonate or sexlium and potassium carbonate fusions were feiund to be 
satisfactory \Mth very leiw proportiems of carbonate if a trace eif sulphur, 
soelium sulphide, eir sodium sulphite was added. For analytical pur])oses 
two fusions aie necessary. In our work we estimated the vanaeiium se‘parately 
in the twei fusions, anel m senne cases die! a. thirel fusion and prove*el a blank. 
After each fusion the* produed. was leaeduxi with heit wate*r anel the vanadium 
estimated by the hydrogen jieroxide anel the jiheisphotungstic (Vinogradov) 
methods. Results by these two methoeis agreeel very closely. The amount 
of titanium leached is negligible — this was jiioved by the agre*ement of 
hydrogen peroxide re*sults with and without the aelelition eif fluoride ion, 
and by agree*ment with the ])hosphotungstic methoel, which is unaffecteel 
by the presence eif titanium. In judging the* tint liy hyelrogen ])eroxide, 
Nessler glasse*s were used ; in the phosphotungstic method the ])ale-yellow 
tint was (*stimated in a Lovibond tintometer using a calibration curve and 
a special long cell for intensification of the jiale colour. With 1 g. of ironsand, 

1 g. of sodium carbonate, and 0-05 g. of sodium sulphite, the first fusions 
(one hour and a half) yielded 3*8 and 3*7 mg. of the second, M mg., 

and the third a trace certainly less than 0-2 mg. anel refieirteel as 0*1. In 
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this part of tlie work we received valuable assistance from Mr. E. P. White. 
This offers a possible (‘couoniic method of extraction of vanadium. A 
recrystallization of the solution containing sodium carbonate and sodium 
vanadate concentrates vanadium in th(‘ last fraction to crystallize. Titanium 
remains as insoluble sodium titanate with the iron. When leached with 
N-HySO^ the titanium passes iilto solution along with very little iron, 
thus fully separating tln^ vanadium with almost compkdt^ separation of 
titanium and iron. 

The second fusion of interest is a repetition of Kjellber'g’s tliioride 
method in so far as the details given by Wylie (this Journal (IffJS), 19, 572) 
enabled it to be repeated. This is a calcium ffiioride fusion with sulphurous 
acid extraction. Monro and (tibl)s (Uh:, cii.) have previously re])t»rted a 
fluors])ur fusion, but with the acids tried the results were inferior to the 

results obtained by OaO- CaCU fusions. In the Kjelllaug fusions liiu*- 

ground ironsand was mixed with CaF^ and heati^l with the blow-])ipe burner 
for half an hour. The resulting hard button was cooled, crushed, transferred 
to a beaker with 50 ml. saturated and allow^ed to stand for twenty- 

four hours. The solution was then filtered, 3 ml. of IICI added, and boiled. 
Finally the solution was oxidized by boiling with 3 ml. of HNO^, and tin*, 
vanadium estimated by H.^Oy. Although Kjellberg claiin(‘d 80 per cent, 
extraction of vanadium, this is not equalled in the following results and a 
sejiaration from Ti and Fe is not wholly achieved. (Fuming with iiySO^ 
was, of course, n(*cessary before estimation of Ti by HyOy.) 


Table 1. — Flcoriok Fusions with Extraction by H28O3 
(Each fusion with 1 g. of ironsand) 



— 

Weight of 
C'aFa, 
in OraiiiH. 

Weight of 

V recovered, 
in (rraniH. 

l*erceutag(* of 

V recovered. 

Weight of 
Titauiimi 
re( uvt led, 

111 Oraius. 

' Weight of 
Iron 

^ iM'overcd. 

; in GraiiiH. 

(«) 


0*5 

0-0018 

04 

0-000(i 

1 0-000!) 

(6) 


1 

0-0019 

08 

0-0019 

1 0-0045 

(«) 

, . 

2 

0-0020 

71 

O-OOaO 

j 0-0004 

(<!) 


4 

0-0019 

08 

0-0038 

I 0-0108 

1 


(a), (6), and (c) are averages of two ex})eriments ; (h) and (c) are total 
recoveries from two fusions ea<*h, the second fusion giving small V recoveries 
of the order of ()*(XX)2. 

In two further fusions, NagAlF^ was substituted for CaFy. A small 
correction was necessary for Ti and Fe present in the cryolite. 


Table II 


Weight of Na.AlFfi, 
in Grams. 

Weight of V 
recovered, 

In Grams. 

Percentage of V 
recovered. 

Weight of Ti 
recovered, 
in Grams. 

Weight of Fe 
recovered. 

In Grains. 

1 .. 

0-0020 

72 

0*0013 

0‘0008 

2 . . 

0-0021 

76 

0*0024 

0*0005 


In this modification the recoveries of V are higher without increased 
percentages of titanium artd iron. 

It will be seen from these accounts of fusion methods that they do enable 
V to be separated. But they are based on the complete attack of the whole 
crystal, not on the selective solution of one constituent. 



239 


lV)4r>] M()NR() and Bkavis. — Thk Constitution of Taranaki 

Ironsand 

(h) Artto}t (tf Aqueous Soluluotfi on Ironsand. Tli(‘ only a(jU(*()U^ solutions 
wliich an* known to art on ironsand an* the mineral acids. Vlkalim* solu- 
tions, sodium hydroxide*, sodium siilfdiide, <fee., have* no action. Of the 
acids, H(M is the* best known solv(‘nt , attacking ironsanel sle>wly ev(*n at 
n)om temiperatuTv : sulphuric acid is slower, and nitric aciel has ve*ry little 
action. Oxidizing a,nd redii(*in^-acid mixtures have been truMl, liCl with 
SnCl.,, H 2 SO 4 wuth HoSO.,, and HoSO,, with (NHJ^ there are 

two or more* minerals in the* maj^netically separateel sand, it is to be* ex])ected 
that e)ne will dissolve faster than the others. He'uce e*V(*n if teital extraction 
shows no chanj^e in V : Ti . Fe ratios, partial extractie)n should show a change. 
As no such change has be(*n found, it is inferred that th(‘re are not two 
minerals, but that the* space lattice is broken deiwn layer by layer with 
prest*rvation of substantially the same ratio m both seihition and residue 
throughout. The ironsand composite (‘ontained J)()-6 jier cent. Fe, 1-67 per 
ce*nt. Ti, and ()-2H per cent, V^. Calculated from these* (i^ur(*s is the* re‘lative 
atemiic abunelance, Fe . Ti : V as I HO : 18 : 1. In the* fe)llowm<i table* the 
])e*rcenta^e e‘xtractie>n (calculated eui UK) g. ireinsanel) is ^iven, te) 0 (*the*r 
with the redative* ateimic abundance for eliffe‘re‘nt frae’tieuis. 


Taulk 111 


Rt-agriU. 


JtUl twhaiistive* (tvxo (‘xpennit'iits) — 

Solution 

Ke.siduf* 

11(1 partial— 

First e'Xtruct 
Sf*i'OTKl (‘xtrai’t 
Kesidue* 

H( 1 r Sn( 1 2 partial — 

{a) ()*02 g. yjor millilitre* H (1 . . 

(h) O-Oll g. per iiiillilitre H(1 
{(•) O 1,5 g. per millilitre H (1 . . 

H (1 -I- (NH 4)2 SoOg g. pe*r millilitre 11(1 
TI 2S()4 exhaiistne (three (*xy)(*rime*nts) — 
Solution 
Re'sidue 

H 0804 partial — 

First extract 
Seqoiid e*xtraet 
Residue 

H oSt ) 4 - 1 H 2SO 3 — 

1 ml. sat. HgSOs per miUilitre H 2SO4. . 

2 ml. sat. H 2HC)g per millihtre HgS04. . 

4 ml. sal. H-gHOg per millilitre J 1 2804 

HsS 04 H (NH 4) 38*0 8— 

0*1 g. per millilitre H 3804 . . 

0-2 g. fier millilitre H 28O4 . . 

0-4 g. per millilitre H 2SO4 . . 

HNO3 (two experiments) : Solution 


l*tMcriitage 1 K.itio, 

V. I Ti. I Ft* I 5 Ti Ft*. 

I I 1 


i 

1 

27 

1 

90 

57 

4 

i 1 

20 

190 

I 0 

01 

0 

28 

0 

7( 

I 

30 

00 

1 

10 

1 

30 

19 

5 

1 

1 1 

15 

ISO 

! 0 

09 

1 

•45 

17 

5 

! 1 

17 

180 

i 0 

11 

•> 

*00 

20 

•> 

1 1 

:20 

170 

j 

0 

1.5 

1 

•70 

2() 


1 

12 

100 

0 

OS 

1 

•09 

21 

8 

: 1 

: 15 

250 

0 

07 

1 

•09 

22 

0 

1 1 

: 17 

290 

0 

09 

1 

•29 

18 

.5 

1 

15 

190 

0* 

22 

4 

08 

50 

5 

j 1 

23 

210 

()• 

05 


78 

7 

2 

1 

17 

130 

0* 

13 

2 

88 

29 

0 

1 1 : 

: 23 

: 200 

0* 

10 

!■ 

•7(> 

19 

3 

! 1 : 

: 19 

; 180 

0* 

0.5 

! ()■ 

1 

* 05 

9 

4 

1 

■ 1 1 

170 

()• 

15 


98 

32 

1 

1 : 

21 

200 

0- 

13 


51 

28 

0 

1 ; 

21 

200 

0* 

09 

T- 

70 

19 

9 

I : 

21 

200 

0* 

17 

3* 

-05 

32 

5 

1 

1 : 

19 : 

170 

()• 

18 

3* 

-32 1 

37 

1 

1 : 

20 : 

190 

0* 

IH 

3- 

40 

35 

4 

1 ; 

20 : 

180 

0- 

04 

0* 

78 i 

1 

() 

3 

1 : 

21 : 

140 


It will be seen that the ratios of the tliree edemie*nts differ but slightly 
throughemt, the ajipareiit exct*f)ti(>ii, the residue after HCl extraction, being 
on so small a quantity that it has little sign ifica nee. It seems that stannous 
chloride has a slight selective influence on the iron, but otherwise the sub- 
stantial constancy of the ratios is the main feature. 

(c) Oxidation hy Air . — Roasted in air, ironsand gains apjiroxiinately 1 *6 per 
cent, in weight, presumably from the breakdown of thd spinel type crystal 
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to a titanohaematite type. Complete oxidation to FegOg should involve an 
increase of 3*4 per cent, in weight. As this means an altered form of crystal, 
the action of HCl and HgSO^ was tried on the roasted sand with the following 
results : — 

Table IV 


Keagent. 

Percentage. 

A 

Eatlo. 

V. 

TI. 

Fe. 

: TI 

: Fe. 

HCl exhaustive (three expCTimeiits) — 









Solution . . . . . . . . . . 

0*18 

3 

11 

41 

4 

1 

18 

210 

Residue . . . . . . . . . . 

010 

1 

76 

14 

0 

J 

19 

130 

HCl partial — 









First extraction 

002 

0 

22 

5 

4 

1 

12 

2.’)0 

Second extraction . . 

001 

0 

26 

3 

t) 

1 

28 

330 

Residue . . . . « . . 

0*26 

4 

32 

44 

8 

1 

18 

160 

H 2SO 4 exhaustive (three experiments) — 









Solution 

0*18 

3 

95 

42 

5 

1 : 

; 23 : 

: 220 

Residue 

0 09 

1 

17 

14 

0 

1 : 

: 14 ; 

: 140 

H 2SO 4 partial — 









First, extraction 

0 02 

0 ‘ 

22 

4 

4 

1 

12 

200 

Second extraction . . 

0 08 

1 - 

42 

15 

‘8 

1 

19 

180 

Residue 

0-21 

3 - 

29 

35 

6 

1 

17 

150 

HNOg exhaustive : Solution 

Nil 

0 - 

02 

1 

3 





Solution in acids is but little affected in ratio by oxidation, although 
then* is some tendency for the oxidized iron to dissolve to a greater extent 
than the Ti or V. The rate of solution is appreciably less than Ji^efore 
oxidation and the insoluble residue greater. The disintegrated crystal 
layers should offer more chance of a selective reagent extracting vanadium. 
Hence the action of 20 j)er cent, sodium hydroxide was tried on the roasted 
sand. About 1 per cent, of the vanadium but no Ti or Fe was extracted. 
This is encouraging, and it is hoped to do more experimentation on this point. 

(d) Volatilization of Chlorides . — The ease with which VOCl^ forms and 
can be vaporized suggested a })o8sib]e method of separation. Jannach and 
Harwood (t/. Pr. Chem. (1909), SO, 127) found that a separation of V and Fe 
could be obtained, and Grigg (N.Z. Univ. Thesis, 1943) separated V and Fe 
from a mixture of V^Og and FcgOg by heating in carbon tetrachloride 
vapour, although a part of the iron sublimed as FeaCle. From 0*0218 g. 
of V with 0*14 g. Fe, Grigg recovered in the distillate 0*0216 g. of V with 
0*066 g. Fe. Trials were made with 1 g. of finely ground ironsand by 
leading pure dry CCI4 vapour over it. On heating, a vigorous reaction took 
place and was continued until action appeared to have stopped. The 
reaction products were collected in well-cooled dilute hydrochloric acid and 
yielded the following results : — 
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It will he seen that then' is slight separation only, the vanadium appearing 
in the volatile })ortion in some runs in less ratio than in the original sand. 
Apart from the slight preferential volatility of the iron (whieh appears in 
runs 3, 5, and 7 to be very slight), on<‘ conceives of this process as taking 
y)lace in the space lattice layer by layer, the })ro])ortions in the distillate 
being substantially th(^ same as the })roportions in each layer. 

We conclude that the results of these various methods of attack are 
consistcmt only with the single s})ace lattice theory of th(* structure of 
iron-sand. If we accept the coin|K)sition of tlie mineral as ctmtaining 

V : Ti : Fe :: 1 : 18 : 180 a])pr()ximately, it means that in every 200 of the 
metal positions of a spinel 1 is occupied by V, 18 by Ti, and the remainder 
by F(\ Although it is not f)roper to think of such a structure as molecules, we 
imagiiK*. individual units (the unit cell of a spinel is eight such units) to 
consist of either Fe^O^ or Fe^TiO^ or Fe^ V() 4 . This raises certain questions of 
valency and of ionic radii. Goldschmidt gave the ionic radii as follows ( Tram, 

Farad, Sor. (1929), 25, 282) : Fe i K)-79A ; Fe 0-67A : Ti + + 0-64A 

V + ^ -f -}- -I ca 0*4 A ; ''^+0*61 A: +0*65 A. The replacement of 

Fe+ 'i by Ti'^ + + would cause little lattice distortion. Be])lacement by 

V + + -!- I I chemically improbable and crystallographically would cause 

much distortion. Replacement by would cause little distortion, 

but is improbable in a system containing Fe + + +. Although replacement 
by V + *' involves a greater change in radius, it has the advantage that 
Fe + '+* and Fe + + + can co-exist with V+ + ‘^'+‘. A large proportionate 
re|)lacement might mean crystal distortion, but the postulate of 1 in 20() 
T(‘placement means a very small overall change in size. In fact, the small 
percentage of vanadium in ironsand may be the limit of replacement that the 
lattice can tolerate. 
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STUDIES ON PERLOLINE 

PART IL— PERLOLIUINE AND SOME FLUORESCENT DERIVATIVES 

OF PERLOLINE 

By I. Reifer, Plant Chemistry Laboratory, Department of Scientific and 
Industrial Research, Palmerston North, and E. P. White,* Chemical 
Laljoratory, Animal Research Division, Department of Agriculture, 
Wellington 

[Received for publicatiott^ 2Hth August, 1i)4o] 

Summary 

Perlolidiiie was prepared by oxidation of perloline using permanganate and 
ferricyanide methods. 

The formula of perlolidiiie is given as a 5 H j gO 2 N 4 , but this may be 
subject to revision. It has a m.p. 326°o. 

The hydrochloride, B. 2 HC1.2HgO, does not melt at 35()°0. 

Perlolidine shows phenolic properties and in certain ways has similarities 
to harmol. 

Many degradation processes on perloline lead to perlolidine. Tin* nitrogen 
nucleus of porlohne appears to be retained in perlolidine. 

Oxidation products of perloline were prepared which on exposure to bright 
sunlight gave difficultly soluble compounds which w’ere non-alkaloidal and 
dissolved in concentrated acids with intense colour and fluoresctmce. * 

Grimmett and Water8(l) isolated from rye-grass extracts “ alkaloid C,” 
now named perlolidine. In the course of inv’^estigatious on. perloline it was 
found that perlolidine was obtained as an intermediate product of mild 
oxidation, and many perloline derivatives gave perlolidine under similar 
conditions. It is formed on oxidation of perloline by permanganate in acid 
or alkaline solutions, by acid dichromate, by alkaline ferricyanide, and by 
perchloric acid. It is formed on oxidation of methylperloline, demethylated 
perloline, acetylperloline, the alcohol and aldehyde condensation f)roducts, 
and some other materials. Perlolidine is rather easily oxidized, and is an 
intermediate stage in these oxidations. Under special conditions it can be 
obtained in about 30 per cent, yield by oxidation. 

Part 1(2) of this publication contains evidence of perlolidine being formed 
also under conditions other than oxidation. It results in small yield by 
thermal degradation — e,g., in N-methyl determinations — of most perloline 
derivatives after they have been demethylated. It is formed in appreciable 
amount by heating demethylated perloline with alkali, or by cold lead 
tetraacetate oxidation of this material. It also results from selenium 
dehydrogenation of perloline. As perlolidine appears to contain the major 
part of the perloline nucleus, including all the nitrogen atoms, and as so 
many degradation processes on perloline lead to perlolidine, it is felt that 
further study of this base would contribute largely to the elucidation of the 
structure of perloline. 

Perlolidine base has a probable formula Cg 5H 1 ^0 2N4 and a m.p. 323-326°o. 
It is insoluble in water, and very slightly soluble in organic solvents, forming 
colourless solutions with a dull-blue fluorescence. The hydrochloride, 
B. 2 HCl . 2H2O, does not melt at 350®c, and is soluble in water to a colourless 
solution with intense blue-violet fluorescence. Perlolidine has phenolic 
properties — solubility in sodium hydroxide, and precipitation from this 
solution by carbon dioxide. It is a typical alkaloid. It contains no methoxy, 
ester, or N-methyl groups, and is unaltered by nitrous acid. From the 


* Now Ruakura Animal Research Station, Department of Agriculture, Hamilton. 
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beginning of this work it was recognized that perlolidine showed marked 
similarity in ])roperties to harniol. the demethylated base from harmine. 
Harmol melts at 320°(^(3), 321°c.(4); and 320°c. was found for a sample 
prepared from harmine. Harmol hydrochloride, B. HCl . ^HgO, is stable 
to 350°c.(3). These materials showed depressions on admixture with the 
corresponding perlolidine ones. Harmol has similar phenolic and acidic 
properties to perlolidine, and the same colour of fluorescence, but the fluore- 
scence of harmol (and harmine) is much less intense. Harmol has the formula 
Ci 2 Hi^,ON 2 approximately half that of perlolidine, for which the larger 
formula appears to be justified by analytical data. Perlolidine appears to 
contain a similar structural unit. Other precise observations on the 
fluorescence and absorption sf>ectra of perlolidine and harmol will be dealt 
with in a further Part. 

Remarkable materials resulted when a nitro derivative of perloline 
or an intermediate j)roduct in perchloric acid oxidation of perloline, both 
alkaloidal bodies, were exposed to sunlight in acid solution. Materials 
which were remarkably insoluble in solvents, and non-alkaloidal, were 
formed in small yields. Solutions, for example, in concentrated acids were 
intensely coloured and showed intense fluorescence. The solids were dark 
materials, not melting at 350°C. Some superficial similarity to porphyrins 
was not .«^ip[)orted by sj>ectroscopic studies. 

• Experimental 

Perlolidine 

Oxidations forming Perlolidine. — Many oxidation methods give })erlolidine 
in small yield as an intermediate jxroduct. In each case perlolidine w'as 
isolated in small yield and its. identity proved by microchemical reactions 
and |)roperties. Perlolim* in a water - sulphuric -acetic acid mixture con- 
taining a trace of nitrate, heated until fumes af)})eared, gave a trace of 
perlolidine. Oxidation by ])ermanganate in cold acetic -sulphuric acid 
solution or in hot neutral or acid solutions gave yields of about 1 per cent. 
In dilute alkaline solution and excess j)ermanganate only traces of the base 
were detectable as the oxidation was carried beyond the perlolidine stage. 
By the use of less iiennanganate, yields were increased (see “ Preparation of 
Perlolidine ”). In more concentrated solutions of perloline, oxidation in 
■carbonate solution gave a strong indole-like odour, like that formed during 
peroxide oxidation, and the manganese dioxide contained some plate clusters, 
apparently the peroxide oxidation product ” (see Part I). 33 mg. of 

perloline oxidized in carbonate solution with permanganate was acidified, 
and distilled in the Kuhn -Roth apparatus. Only a trace of volatile acid 
was formed and no perlolidine. 19*45 mg. of ])erloline were refluxed for 
■one and a half hours with 5 n chromic-sulphuric acid mixture according to 
the Kuhn-Rotli procedure and only a trace of volatile acid was found. 
Traces of perlolidine were identified from this oxidation. Alkaline chromate 
was without action on ]>erloline. 

Preparation of Perlolidine hy the Alkaline Permanganate Method . — 
Perloline was oxidized with permanganate added in small amounts at a 
time to a hot, very dilute solution made alkaline with carbonate. The 
oxidation was carried out in volumes of about a litre at a time, until tests 
showed that only a trace of perloline remained. This was usually at a stage 
slightly before a pink colour of permanganate persisted. In one case, 1,160 
mg. of perloline hydrochloride in 10 litres of water yrere used, in another 
997 mg. of hydrochloride in 10 litres. Manganese dioxide was filtered off, 
a few drops of sodium hydroxide added, and the solutions extracted twice 
with a little chloroform, whereby most of the perloline, but only a little 
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perlolidine, was extracted. From the total oxidation about 90 mg. of perloline 
were recovered unoxidized. The solution was then acidified with hydrochloric 
acid, when the characteristic blue fluorescence appeared, and the combined 
extracts were evaporated almost to dryness under low pressure. Salts were 
removed by addition of much alcohol, filtration, concentration of alcoholic 
extracts to dryness, and a repetition of the alcohol extraction. The crude 
perlolidine hy<lrochloride thus obtained was dissolved in water and the base 
precipitated from fairly concentrated solution by sodium carbonate or 
ammonia diffusion, and washed with a little water. Yields were 250 mg. 
and 204 mg. respectively of perlolidine base, of m.p. 304 As an 

alternative method of isolation, extraction from carbonate solution by 
chloroform, ether, or ethyl acetate was used ; in each case a laborious 
number of extractions (twenty or so) was requinnl to remove th(* alkaloid 
fairly conqdetely. The base was considerably easier to purify when extracted 
this way. 

The crude base was purified by molecular distillation of O-Ol mm. 
327 mg. of crude (discoloured) base gav^e 169 mg. of sublimate, the rest 
remaining as a dark charred* material, obviously from decomposition. The 
sublimat<‘, which had acquired a slight yellow colour and a few specks of 
carbonized material, was recrystallized from hot alcohol, giving 132 mg. 
of colourless needles of perlolidine base, m.p. 323“326‘c\ * 

Prepamti())i by the Ferrivyatude Method,— 5(.K) mg. of perlojiin* hydro- 
chloride were dissolved in about i,()(X)ml. of wat(‘r. 10 g. of jiotassium 
ferricyanide and 50 g. of tertiary jiotassium ])hosphate were added to the 
hot solution, which was k(*pt boiling for about fifty minutes. After adding 
5 g. of sodium hydroxide, the solution was boiled for another ten minutes, 
cooled, and filtered off from a brown ])reci])itate insoluble in wati*r. This 
solution, if shaken into chloroform, showed no traci^ of ])erlolim‘. After 
acidifying slightly with hydrochloric achl, the solution was again rnadi* 
alkaline with carbonate and extracted with ten lots of 2(K) ml. of chloroform. 
The base was shaken out twice from chloroform into a v(‘ry dilute solution 
of hydrochloric acid, the total volume not exceeding 40 ml. Perlolidine was 
precipitated from the acid solution by addition of a little carbonate. After 
filtering, the precipitate was dried, giving a yield of crude perlolidine 
amounting to 135 mg. The base was again dissolved in 15 ml. of very dilute 
hydrochloric acid, and the base precijntated by ammonia diffusion, which 
process was repeated. The base was slightly discoloured, m.p. 323-327°c., 
with some darkening Ix'fore melting. Kocrystallization from alcohol gave 
colourless needles, m.p. 325 -326^ The yield of pure perlolidine base was 
125 mg. 

Perlolidine Base , — A small amount of base was isolated from rye-grass 
extracts by (4rimmett and Water8(l) during the large-scale preparation of 
perloline. This material was obtained from the hydrochloride by chloroform 
extraction from carbonate solution, forming needles m.p. 323'’i\ Distillation 
of the base at 0-01 mm. gave colourless neddles m.p. 323“(\, apparently 
identical with the material obtained by oxidation and showing no depression 
of melting-point on admixture. There was also identity of microchemical 
slide reactions of all preparations. Analyses of several jireparations gave— 


— 

Found. 

Theoretical lor 
C«5H,,0.N 4 . 

c .. 

73 1, 73-5, 73-3, 74-3 

73-89 

H . . 

4-5, 4-5, 4-3, 4-2 

4-43 

X . . 

14*9, 140, 13-9, 14-0, 14-3 

13-79 


Kjeldahl N was low, 7*5, and the base was partly unaltered ; methoxy and 
CUsfN) determinations were negative. 
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Perlolidine base forms colourless needles m.p. 323-326^0., insoluble in 
water, slightly soluble in hot alcohol (less than 0*5 per cent.), acetone, 
chloroform, ether, ethyl acetate, and other solvents. Solutions have a dull- 
blue fluorescence. From hot alcoholic solution it sej)arates in small needle 
•clusters. It is soluble in })henol, giving a molecular weight of 203. On 
diluting the phenol solution with water and adding a drop of acid the 
fluorescence did not appear until a considerable dilution had been reached. 
The base can be ])recipitated from solutions of its salts by ammonia 
diffusion, separating in needles. 

Perlolidine Hydrochloride , — The base was dissolved in a little hydrochloric 
acid and taken down to dryness under vacuum. The hydrochloride was 
recrystallized from hot alcohol in faintly-yellow needles which did not melt 
at 350' C’., but darkened and sublimed slightly from 300°c. The hydro- 
chloride from perlolidine isolated by Grimmett and Waters(l) did not melt 
at 350^\^ Analysis gave — 


— 

Found. 

Thc'onjticul for 

U 2 sH 1 hO sN I, 2 HCI, 2 H ,0. 

c 

58*2 

58-25 

H 

4*5 

4 -Ob 

N 

10-9, 10-9 . 

10-87 


Halogen eoulcl not be (let(‘rminetl diiectly, as silver nitrate gave a precipitate 
with perlolidine. 

It is readily soluble in water, appreciably in alcohol. Aqueous solutions 
have a strong blue-violet fluorescence visible at 1 part in 6,500,000 in 
sunlight. This fluorescence is indistinguishable from that of harmine or 
harmol hydrochlorides, which, however, are visible only to about 1 in 
5(MJ,000, and ergometrine hydrochlorid(». visible to 1 in 100,000. 

Microchemical Slide Reactions of Perlolidine, — N(‘utral or slightly acid 
solutions of the hydrochloride gave ])n»ci])itates not of great insolubility, 
and crystallizing fairly easily, with many alkaloid reagents. Potassium 
bismuth iodide gavi* a red, highly insoluble precipitate crystallizing slowly 
and incoinj)letely to small needle clusters. Potassium mercuric iodide gave 
in moderately concentrated solutions a preci]>itate crystallizing readily in 
isolated rods with curved ends, or large clusters of thick needles with curved 
ends. This is the most specific reaction for identifying perlolidine. Gold 
chloride in concentrated solutions formed large spheroidal clusters, and gold 
bromide spheroids and fine needle clusters. Picric acid and potassium 
tri -iodide gave amorphous j)recipitates forming slowly fine needles in clusters. 
Mercuric chloride gave readily large curved clusters of fine lu'edh's. Potassium 
chromate in concentrated slightly acid solution gave large yellow clusters 
of fine or thick needles, very characteristic in appearance. Sodium carbonate 
or bicarbonate gave the base as an amorphous ])recipitat(^ soon forming 
incompletely fine needle clusters or hug(‘ masses of hair-like material, with 
characteristic sw^ellings along the hairs, Hodiuni hydroxide formed a 
precipitate similar in appearance, the solid piirticles appearing blue 
fluorescent. Silver nitrate gave a heavy gelatinous |)reci[)itate. Potassium 
mercuric bromide and jiotassium cadmium bromide, potassium bromide, 
and cyanide formed no pr(‘cipitates. Harmiiu* and harmol give sparingly 
.soluble precipitates with potassium cyanide. 

Structural Evidence on Perlolidine , — Perlolidine is solubhj in sodium 
hydroxide to a colourless solution with slight green fluorescence, and is 
precipitated from this solution in needles by carbon dioxide. The aqueous 
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solution of the hydrochloride gave no colour reaction with ferric chloride, 
and the Millon reaction was negative. Copper sulphate or acetate formed' 
no precipitate with aqueous solutions. Aqueous solutions readily reduced 
permanganate and dichroniate. No reduction occurred with sul])hur dioxide, 
nitrous acid, or stannous chloride. No indole or carboline reactions were 
shown with p-dimcthylaniinobenzaldehyde, vanillin, or })ine shavings, and 
the Adamkiewicz reaction, also with addition of ferric chloride, was negative. 
There was no a])j)arent action after long refluxing with acetic anhydride, 
or shaking with methyl sul]>hate and alkali. Hot concentrated nitric achl 
or lead tetraacetate in acetic acid had no ready action. 

Intensely Coloured and Fluorescent Bodies from Perloline 

The “ Nitro Product and its Conversion to a Coloured Fluocescent Body. "- 
Perloline hydrochloride was dissolved in a 25 ])er cent, solution of acid 
containing equal amounts of hydrochloric and nitric aCid, and the solution 
was boiled. A brown precipitate formed, which dissolved on further boiling. 
The solution was (iooled and the base precipitated by ammonia diffusion. 
It was dissolved in dilute hydrochloric acid and repeatedly ammonia diffused, 
forming a red material m.p. 185-1 90°c, with sintering and darkening from 
150°c. Analysis gave : C - 56-24 ; H -- 4*06 ; N = 7*36, 7-48, 7-0, 7-48 ; 
(OCH3), = 14-2, 13-8, 14*0 ; CHgiN) and CH^IC) = Nil. It was soluble 
in camphor, but decomposed rapidly at the high temperatun^. The base 
was insoluble in water and ether, very slightly soluble in caustic alkali and 
carbonate, readily in acids. It was extracted by chloroform from acid and 
alkaline solution. In the presence of alkali the chloroform solution was 
orange*yellow with a strong green fluorescence* ; in the presence of acid 
it was yellow without fluorescence. This material, dissolved in dilute acid 
and exposed to bright sunlight for one hour or so, went green with an intense 
red fluorescence of the colour of cuprous oxide. 

50() mg. of perloline hydrochloride were kept slowly boiling in a 50 ]>er 
cent, solution of equal amounts of hydrochloric and nitric acids for fifteen 
minutes, when the solution was wine-red. After cooling, it was almost 
neutralized with sodium hydroxide, taken down to a small volume, acetom* 
added, and the inorganic salts removed. The resulting solution was made 
alkaline and shaken exhaustively with chloroform. The aqueous n on- 
extractable fraction was taken uj) in acetone and exposed to bright simlighti. 
Before exposure it was red ; after exposure, a chlorophyll green. The 
chloroform extract was shaken with 50 per cent, hydrochloric acid, and this 
aqueous fraction was taken up in acetone and the salts removed. Before 
the exposure the solution was yellow ; afterwards a chloro[)hyll gret*n. 

100 rng. of perloline in 1 ml. of concentrated nitric acid and 10 ml. of 
hydrochloric acid was treated as above, the aqueous fractions giving on 
exposure a green colour with strong red fluorescsence. 1(X) mg, of perloline 
hydrochloride was treated with 10 ml, of concentrated hydrochloric acid 
and 2 g. of sodium nitrite and sent through the same stages as above. The 
chloroform insoluble fraction was taken up in acetone and salts removed. 
Before exposure it was yellow*; afterwards, chlorophyll green. 

The Perchlorate Precursor and Us Coloured Fluorescent Material. — 1(K) rag. 
of perloline hydrochloride were dissolved in 10 ml. of water, 5 ml. of 60 per 
cent, perchloric acid added, and the solution boiled. The ])erchlorate 
dissolved on boiling for some time. On further concentration, white fumes 
appeared and a violent action took place. The solution was boiled for a 
further three minutes, cooled, made slightly alkaline with potassium 
carbonate, and the precipitated potassium perchlorate filtered off. The 
solution was made slightly acid with perchloric acid, taken to dryness, 
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and extracted with acetone. This procedure was rejxiatcd to nunove salts. 
The solution contained ])erlolidine and the precursor for the formation of 
the coloured fluorescent body. It was made alkalim* with potassium 
bicarbonate and shaken with chloroform, when most of the perlolidine was 
removed, and the precursor left in the aqueous solution. This was evaporated 
and extracted again with acetone to remove salts. It was extractcnl Ijy 
chloroform and the residue taken up in water and evaporat(‘d. Properties 
of the precursor have not been studied. It is insoluble in chloroform, gives 
no precipitate with ammonia, and is soluble in alkali. 

The ])recursor exposed to bright sunlight in slightly acid solution within 
two minutes goes green with a strong red fluorescence. If the exposure is 
continued the solution becomes saturated with the coloured body formed, 
and a green -black ])recipitate separates on standing. This ])reci})itate was 
washed with 10 |)er cejit. hydrochloric acid in which it was almost insoluble. 
It was readily ]mrifled by dis.solving in concentrated formic acid and 
])recipitation by addition of water. It could also be recrystallized from 
concentrated sulphuric; acid by dilution with water. Analysis gave : 
C = 5S-17, H =- 3-73, N = 5*34. This material is insoluble in acietone, 
alcohol, ether (unlike por])hyrins), chloroform, aniline, slightly soluble in 
acetic acid and pyridine. It is very slightly soluble in potassium carbonate 
and hydroxide with a pink colour, soluble in hydrochloric acid (1 : 2), 
50 per cent- sulphuric acid, and in concentrated phosphoric and formic 
acids. In hydrochloric and formic acids it is intense blue with strong red 
fluorescence. In concentrated sulphuric acid the fluorescence is eosiii-like, 
but on Ksome dilution becomes the same as in hydrochloric acid. It can be 
colloidally suspended in potassium carbonate. The photo reaction takes 
place when ultra-violet light is cut out, but not with ultra-violet present 
and visible cut out. The acid aqueous solution absorbs in three bands, the 
two strongest being about 630-650 nifi and at 680-720 lu/x. The absorption 
spectrum is less defined and simpler than those of porphyrin derivatives. 
The compound is not reduced by stannous chloride in acid solution ; perman- 
ganate or ferricyanide oxidizes it to a colourless material. 

By the action of ammonium persulphate in the cold on the above material 
there results a material soluble in chloroform with a violet colour. This 
new material is also soluble in acetone, insoluble in sodium hydroxide. 
Onc(‘ precipitated with hydroxide it is no longer chloroform and acetone 
soluble, but dissolves readily in 50 per cent, hydrochloric acid to a material 
resembling the coloured body for which it was made. Some rhodines display 
similar characteristics. 
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ERECHTHIAS FULGURITELLA WALK. (LEPIDOP- 
TERA) INHABITING PINE CONES 

By E. S. Gourlav’', First Assistant Eiitomblogist, Cawthroii Institute, 

Nelson 

\Rerfived for pMicatiorif 6th August, 1946} 

Summary 

Associated with rones of Pinus radiata, a native moth, Krechthias 
fulguritella, is recorded from the Nelson Province. Its larvae invariably destroy 
the seed in infested cones, but have a negligible effect ‘at x>resent on seed 
production. 


Until now nothing has been recorded about the host association of a native 
species of moth, Erechihias fulguritella, which was described in 1863 by 
Walker(l). Accompanying a description of this species, Hudson(2) con- 
tributes the following information : “ This rather obscurely marked species 
has occurred at Wellington, Christchurch, Dunedin, Lake Wakatij)u, and 
Invercargill, but is rarely met with. The perfect insect a})pears from 
Nbvember till February and frequents forest or scrub.’’ In his “ Suj)])lement,” 
Hudson(3) remarks : “ Also from Wyndham and Te Anau - Manapouri 

district, where common.” 

The writer is able to add Nelson to these localities by the collection of a 
single specimen in October, 1926. In late August and earl}' Septemlier of 
1942 the author was investigating the position of the Ichneumon parasite, 
Rhyssa persmsoria, in relation to its host, the horntail borer, Sirejr noctiho, 
in a pine plantation consisting mainly of Pinus radiaUt at Waiwht'io, about 
four miles south of Metueka, in the Nelson Province. Certain pine cones 
on trees felled and remaining intact on the forest floor from th(‘ fircvious 
season showed a remarkable lightness in weight when compared with others 
and were of a distinctive colour. These facts, associated with external 
evidence of frass from larva? feeding within, led to the collection of a number 
of cones. These cones were kept in glass containers, and in November 
adults of E. fulguritella appeared from some of them, accompanied by a 
Bethylid, Parasierola, which is probably parasitic on the larva\ E. fulguritella 
larvflB feed inside the cone, generally on the bract and ovuliferous scales in 
the vicinity of their points of contact, and invariably destroy the seeds. 
Adults emerge at any point on the outer exposed surface of the bract scales, 
and the moth pupse project for three-quarters of their length (Fig. 1 ). There 
is possibly an association between the light-weight cones and their infestation 
by the fungus Diplmlia pinea (Desm.) Kickx, as practically every light-weight 
cone showed externally pycnidia of Z). pinea (Fig. 1). Birch(4j lielieves that 
the fungus occurs as a saprophyte of the seed coats and in the interior of 
dead seed. Those lightweight cones not occupied by E , fulguritella contained 
mainly living, but also a few dead, seeds. The effect of E. fulguritella as 
a controlling agent in Pinus seed production is negligible owing to the small 
number of cones attacked. 

The description given by Hudson(2) of the adult of E. fulguritella is : 
‘‘ The expansion of the wings from ^ in. to | in. The fore wings are pale 
brownish-ochreous with the costal area more or less clouded with darker 
brown ; there are several cloudy blackish streaks in the disk, extending from 
the base to the apex, the lowest of these emitting three blunt projections 
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[Photo by Mm T, Rohimon, ('uuihron InsUtute. 


Fjr;. 1. — Pine cone showing — A, larval frass ; B, emergence 
holes; (\ empty pupa* of K. fnltjuriteUa ; anrl I), 
pycnidia of Dip kxiia pinm. 


\ ’ 





[Photo by MtsH T\ Jtobtmont Vuathron InBiitule, 


Fia. 2. — Adult of E, fttlguritella, tricolour variety. 
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towards the dorsum ; the dorsal area is very pale brownish-ochreous, often 
almost white ; there is a black spot at the apex. The hind wings are very 
pale grepsh-brown, darker towards the apex/-” In certain particulars this 
description does not adequately cover the many variations of colour disposi- 
tion and their intensities. Many specimens have the middle — base to apex — 
of the fore wings of a uniform unstreaked darker-brown colour with the costal 
area clouded in a much lighter shade of brown, giving a very marked three- 
colour zoning to the wings. In others the lowest part of the middle darker 
marking, instead of having three blunt projections towards the dorsum, 
has three more acute markings directed sharply towards the base of the 
wing with the very narrow intersecting areas white in colour. Other 
variations also exist. The adult insect is shown in Fig. 2. 
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NOTE ON BIRONELLA (BRUGELLA) HOLLANDI 

TAYLOR 

By L. J. Dumbleton, Entomology Division, Plant Research Bureau, 
Department of Scientific and Industrial Research 

[Received for publication, 2Mh May, 


Summary 

The Anopheliiie genus Bironella. has its centre of distribution in New 
Ouinea. Bironella (Brugilla) hollandi Taylor was described from Kavieng, 

New Ireland, and has the most easterly distribution of any member of» the 
genus. The following note records its known distribution in the Solomon 
Islands, and gives some information on its biology and a description of the egg. 

Identity 

Specimens from the Solomons were found to fit the description of B. hollandi 
fairly closely. Mr. D. J. Lee kindly supplied drawings of the male genitalia 
of the type which confirmed the identification as hollandi, A male reared 
from the egg at Vella Lavella was found to be identical in male genitalia 
with males from Banika and Guadalcanal. 

Distribution 

This species was first taken in the Solomons by Major W, (L Downs, 
United States Army Medical Corps, on Banika Island, in the Russell Group. 
The writer also secured specimens from Banika and later found the species 
to be coinmon in jungle streams on Guadalcanal. It was later taken in 
Vella Lavella, and specimens from Mono Island in the Treasury Group 
w^re seen. Major Downs later reported it from New Georgia and Bougain- 
ville. No sign of it was seen on Nissan or Green Island, where there was 
7X0 suitable water. 
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It is thus recorded from a chain of islands from New Ireland to 
•Guadalcanal, and it is quite likely .that it will be found on some of the 
larger islands of the lower Solomons, such as Malaita and San Cristobal. 
The writer saw no sign of it on Efate Island, New Hebrides, nor was it 
reported by American entomologists from Espiritu Santo, farther north. 
The limit of its distribution therefore does not reach as far south as that 
of B, gracilis, which reaches Cairns, in Queensland. 




Fig. 1 . — Bironella (BntgfUa) hoUamli Taylor. Egg: A, «lorsal ; R. M*iitral ; 

(\ lateral. 


Breeding-places 

This is characteristically a jungle species, found in dark jungle streams 
on Guadalcanal, Banika, and Vella Lavella, &c. In these locations it was 
usually much more abundant than Anopheles piincfulafus var. moluccensis. 
It was taken in swampy streams containing taro, in an open coconut 
plantation not far from the jungle edge, and also in still seepage pools 
or springs in a Native garden in the jungle. In several cases it was 
abundant where the streams had been dammed up at the jungle edge, 
particularly amongst floating debris of leaves, twigs, &c. It was taken in 
sluggish streams, but also in the quieter eddies of a fairly swift jungle stream 
on Guadalcanal. It occurred in jungle-covered streams on the fiats and 
also in deep ravines in hilly country. 
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Life-cycle 

Laboratory roarings on Vella Lavella of eggs collected in the field from 
a swam])y patch in a native garden at Joroveto gave the following 
results : — 

Days. 


Incubation period (estimated) . . . . . . . . .'i 

Larval period (estimated) . . . . . . . . 19 

Incubation and larval period observed (eight specimens) . . 22 

Pupal period observed (five specimens) . . . . . . 1*H 

Total period, oviposition-cimergeiice (five specimens) . . . . 23*8 

Minimum period, oviposition emergence . . . . . . 22 

Maximum period, oviposition emergence . . . . . 2fi 


These larva) wer(‘ kept in a beaker in the laboratory and fed on chopped 
flies and jiowdered biscuit. 

Two A}iO})heles pnnctulatus var. 'nwluccensis eggs collected at the same 
time and reared in the same way })roduced adults in fifteen and eighteen 
days respectively. Under the same conditions it appears that the life- 
cycle of B. hnllandi is significantly longer than that of wolucce7ms. 

Habits 

This ^])ecies was never taken biting man, nor was it caught in night- 
catches or light trajis, and was never found in tents. The only adults seen 
were those which were rear(‘.d. Laboratory-reared specimens showed nf> 
inclination to l)it(* man, though every endeuvour was made to mak(» them 
do so. Th(‘y fed readily on glucose solution. 

Relation to Human Malaria 

Owing to its habit of not frequenting dwellings,* it is presumed to be 
unimjiortant as a vector of human malaria. The presence of this species 
on Guadalcanal led to the lieginnings of species sanitation, in that the dark 
jungle streams entering the foothills supported jiredominantly B. hollandl 
and could be largely disregarded as a source of malaria viictors. 

Morphological 

Lee and Woodhill, in their revision of the Australian Anophelmi, have 
described the species. The larva, in life, is usually a deep black, much 
blacker then moluccensis. The fourth abdominal segment’ is white or 
unpigment(*d and in strong contrast to the body colour. The larva) of 
rnoluccensis when they show a white band, and it is frequently difficult to 
discern, have it on the third abdominal segment. This difference, which 
was first noted by Major Downs, was useful in rapid identification of 
larvae in the field, since the white band in B, hoUandi appears to be behind 
mid-length, while in mohiceensis it is at or before midrlength. 

The Egg 

This has been figured by Lee and Woodhill, but their figure, probably 
due to inadequate material, fails to show the striking characters of the 
floats, ill particular. The following description is made from eggs collected 
at Joroveto, Vella Lavella, and preserved on filter paper moistened with 


formalin : — 

Mm. 

Length, including rosette (mean of eight eggs) . . . . 0-52 

l.*ength, without rosette . . . . . . . . . . 0 • 48 

Greatest width of egg proper .. .. .. ..O-ll 

Width of float . . . . . . . . . . . . 0 04 

Depth of egg . . . . . . . . 0*09 
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The floatfi extend nearly the full length of the egg. Tn transverse section 
they are V shaped with the dorsal arm of the V nearly horizontal and its 
j>oint of attachment to the egg nearer to the mid-dorsal line than that of 
the ventral arm, which is at the angle of 50-60° to the horizontal and is 
inflexed just before the point of attachment. The ribs are about sixteen 
in number, and on the dorsal surface of the float form a parallel series of 
straight ribs running in a postero-lateral direction from the inner margin 
of the float. This is in contrast to the eggs of many other anophelines, in 
which the floats are rounded and not angled and the ribs are radially arranged 
on either side of the mid-length of the float. On the ventral surface the ribs 
are continuous with those of the dorsal surface form a parallel series 
with an inflexion before the point of attachment. Between the origins of 
the ribs at the ventral point of attachment are short ribs which (k not 
<*xtend beyond the outer margin of the inflexed portion of the ventral 
surface of the float. In lateral view the ribs are V shaped with the base 
of the V anterior. 

Sculpture 

Dorsally the surface of the egg prop(‘r shows a pattern of relatively 
large papillae group(‘d in fours and fives. Vcmtrally the surfac(* of the egg 
is hexagonally reticulate. On the anterior or micropylar end of the egg 
enclosed by tin*, rosette are about six papillae. A conspicuous crown or 
rosette forms a cup-like structure enclosing the micropylar area. It con- 
sists of about twelve ribs, the distal ends of which are cax)itate (and 
cumulated i). Between the ribs is a membrane which encloses the cup. 
Ventrally the ribs are longc^r and their bases nearer to the anterior end of 
the egg. 

Reference 
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A PORTABLE COUNTING RATE METER FOR G-M 

TUBES 

By J. F. McCahon, Kadio Development Laboratory, Dt^partment of Scientific 
and Industrial Research 

I Received for publication^ 2nd October ^ 1U45'\ 

Summary 

^ A description is given of a portable counting rate meter and high-tension 

supply for Geigor-Muller tubes, suitable for use in prospecting for radioactive 

minerals. 

When work on the release of atomic energy from uranium was nearing 
success, a search was started in many countries, including New Zealand, 
for possible sources of uranium-ore. As suitable ajiparatus for this work 
was not readily available, it had to be built locally. 

Work on portable G-M counter gear was started in Septembtu*, 1944. 
This paper describes the latest model, developed and built at the Radio 
Development Laboratory, Wellington. , 

It has been designed for use under field conditions, has been made as 
small and light as possible, and is rainproof. The chassis and outer casii 
are made of duralumin (Fig, 1). There is a channel round the front paned 
holding a gasket of | in. square rubber strip, against which the outer cas<‘ 
is pressed by two screw slips. All parts on the panel are sealed with varnished 
gaskets, the meter being mounted behind a perspex window. The shafts of 
the rotary switch and potentiometers are kept well greased and the toggl(‘ 
switch is covered by a rubber cap. No water had entered the instrument 
after several hours’ use in heavy rain. 

The overall dimensions are 4J in. by in. by 7J in. deep, and the weight., 
complete with batteries, but without the G-M tube, is 7 lb. The G-M tube 
is attached by means of a plug and cable, and weighs 1| lb. It is described 
elsewhere in this issue by A. G. McLellan. 

The high-tension supply for the G-M tube seen on the near side in Fig. 2 
employs a 184 with inductive load, and a 185 in a multivibrator circuit 
(Fig. 3). The sharp cut off of current through the choke produces high- 
voltage pulses which are rectified on the 185 diode. A similar circuit used 
overseas employs a 3A8, with a choke in the pentode plate circuit, and 
coupling for the triode grid taken from the screen. With the 184 this was 
unstable, and the present circuit was found to be much more reliable. The 
output voltage is varied by means of the potentiometer in the screen circuit 
of the 184. This is not accessible from the front panel, but is adjusted to 
give the correct voltage for the tube used (generally l,050v) with the B 
supply set correctly. After this, all that is necessary in operating the 
counter is to see that the B voltage is correct. This is provided for in one 
switch position in which the meter reads the B voltage. A 5K potentiometer 
is used to adjust this to 35 V, which allows changes in battery voltage to be 
compensated for. 

At 35 volts supply the maximum output is l,4C)C)v, and at 45v it is 1,700.^ 
At l,050v output the B battery drain is 5 ma. 
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Fia. 3. — Ciioiiit diagram. 
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The coiiuting rate meter itself is rather sensitive to B voltage variations, 
and so is also on the adjuste.d supply, being connected through a decoupling 
circuit. Both th(*. counting rate meter and high-tension supjdy are 
})ractically unafFected by reasonable changes in A battery voltage*. 

The counting rate meter on the far side in Fig. 2 consists of a fiip-flo}) 
circuit using a 1T4 and 1S5, which converts tlui puls(*s from tlui (t-M tube 
to a standard siz(*. These are then rectified on the 185 diode, and made to 
charge a 4p-F. condenser, which has a high resistance leak across it. The 
resistance in series with the diode, and the leak resistance, can both be used 
to vary the sensitivity, which is not affected by the size of the condenser. 
However, as the })ulses are af)aced at random interv^als, a long time constant 
is needed to givt* a steady meter reading, and, for accuracy, a large condenser 
must be u.v‘d. (This is seen beside the A batterv in the under-chassis view — 
Fig. 4). 



Fio. 4. “UiHler chassis view. 


'rill* voltage d(*veloped across the condenser is ajijilied to the grid of a 
1T4, whose plate current is measured, being lower tin* higher tin* counting 
rate. The meter is adjusted to full-scale reading by means of the screen 
])otentiometer, with -liv on the grid. Rates of less than SO counts ])(‘r 
minute are then off tlu scale, the whole of which is then available for the 
useful part of the range. The background of the ({-M tubes is about 80 
counts ]H‘r minute. With this arrangement the meter may be overloaded 
under certain conditions. The iWfjLV. condenser across it gives sufficient 
damping to prevent damage due to its slamming over hard. 

Two ranges are jirovided by the use of different values of leak across the 
condenser. The high range with 5 meg. leak cov(*rs 200 to 1,500 counts 
}>cr minute and the low range using 15 meg. covers 80 to 300. The scale is 
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approximately logarithmic. A calibration graph is used, the calibration 
being done by means of a multivibrator supplying pulses at an adjustable 
rate, to a mechanical counter and to the counting rate meter. A buffer 
stage having a very high output impedance is used to feed the counting rate 
meter iii order to avoid affecting the pulse length of the flip-flop. 

The switching arrangements allow the meter to be used for measuring 
battery voltages, thus avoiding the need for a separate test meter in the 
field. 


Toggle Switch 
Position. 

Rotary Switch 
Position. 

Meter reads. 

B 

1 

No connection. 


2 

Filament volts on load. 


3 

Bias volts — l*5v. 


4 

Bias volts — 3v. 


5 

No connection. 

A 

1 

Off — meter shorted for additional 



damping when being carried. 


2 

Low range. 


3 

High range. 


4 

B voltage. 


.5 

I — liv on grid of output tqbe^ — 



set meter to full scale. 


In operation, the switches are first turned to the AA position and the 
B voltage set to read 70 on the scale, then to A-5 when the meter is set to 
full-scale reading, and then to A-3 or A-2 when the needle will slowly drop 
until it reaches a steady reading in two to three minutes. The preliminary 
adjustment is only necessary occasionally. 

The drain from the A battery is 300 ma., giving a battery life of at least 
six days of normal field use. The B drain is 5 ma. and the B battery has 
not yet needed changing after seven days’ use. It is anticipated that it 
will last much longer than that. The bias battery consists of two penlite 
cells and is mounted by means of a clip at one end of the H.T. choke. 

Other types of counting rate meters are described by Leon F. Curtiss in 
the V.S. Bureau of Standards Journal of Research, Volume 23, Papers R.P. 
1223 and 1246, and Volume 25, R.P. 1330. • 
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AN ALPHA.RAY IONIZATION CHAMBER FOR 
RADIOACTIVITY MEASUREMENTS 

By L C. McKellar, Radio Development La])()rat()iy, Department of 
Scientific and Industrial Research 

{Received for publication, Hth October, 

Summary 

A serai-porta bit* ionization chamber is deseriberl suitable for rapid 
measurements of total alpha -ray emission from the surface of sanrl or powdered 
rock samples. 

Recent interest (u*utred on the uranium content of New Zealand rocks^ 
beach sands, and dredge concentrates required the testing in the laboratory 
of several hundred samples collected during the jiast year. 

The ])resent apparatus is similar to an ionization chamber which has 
been in continuous use for four months, and includes some improvements 
in design. Construction was carried on jiarallel with that of a counting rate 
meter described by J. F. McCahon in this issue, and provides a check on 
field tests made with this instrument. 

DeS(’R1PT1()X 

The apparatus is similar to that used by C. N. Watson-Munro(l), in that 
a Lindemann electrometer is used wdth its fibre suspension connected to a 
central electrode running along the centre of an aluminium chamber, and 
supported at one end only by a polystyrene bush surrounded by a brass 
guard ring. 

A negative jiotential of 60 volts is applied to the outside of the ionization 
chamber, and two approximately equal voltages, opposite in sign, are applied 
through high resistances to the two pairs of electrometer jilates. 

The electrometer in this condition acts as a sensitive measurer of small 
changes of voltage on the central electrode. 

The tip of the electrometer needle is viewed in a low-})owered microscope 
(magnification x63) fitted with a scale in the eye-piece made up of fifty 
divisions. Voltage sensitivity of the electrometer can be varied by 
adjusting the two carbon potentiometers included in the })otential divider 
placed across the 90- volt battery as shown in Fig. 1. An electrometer 
sensitivity of 25 millivolts per scale division was found very suitable for most 
work. 

The switch consists of a plunger which is ])ressed in contact with 
the central electrode of the ionization chamber by a light phosphor-bronze 
spring. The switch assembly is completely enclosed and electrostatically 
shielded by an extenaion of the earthed guard ring which makes contact 
with the case of the electrometer. 

The plunger is attached to a piece of soft iron, and the switch can be 
opened by attracting the plunger away from the central electrode by a 
small permanent magnet. With S, closed and Sj,* a spring-loaded toggle 
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.switch, open, the central electrode is at earth potential. With Sj and Sg 
closed, a small calibrating voltage can be applied through a potentiometer 
to the electrometer needle, and its value read off on a millivoltmeter. 

Figure 2 shows the Lindemann electrometer and enclosed switch 
assembly and magnet. The drying tube seen in this view is filh*d with 
indicating silica gel. The microscope mount has been removed. 

Figure 3 is a photograph of the complete apparatus. The battery box 
in the background contains the electrometer plate batteries and the ionization 
-chamber battery. These are enclosed in an inner sheet-metal box which is 
thermally insulated by over an inch thickness of kapok and mount (*d centrally 
inside the wooden box shown. 

The two carbon potentiometers are mounted on the inn(‘r metal box, 
and extensions of ebonite brought out from the shafts. Tem])erature 
control of batteries and resistors was found to imf)rove the stability of the 
instrument’s electrical zero greatly. 


r 



Sq , the battery on-off switch, is simply a copper strap joining two terminals 
-on the front of tjie battery box : shown here disconnected. Toggle switches 
in the battery leads were found to be a frequent cause of unstable voltages 
at the electrometer plates. 


Method op Use 

Samples ground to about —60 mesh are spread on a shallow aluminium 
tray and placed centrally on the floor of the chamber. Alpha rays ejected 
from any radioactive material present are responsible for a large percentage 
of the total ionization of the air in the space between the central electrode 
and the walls of the chamber. 

The negative voltage applied to the ionization chamber is sufiicient to 
sweep all positive ions to the chamber walls before recombination can take 
place, and with open this current causes a change of voltage with respect 
to earth on the central electrode whose rate of change is measured by the 
rate of movement of the electrometer needle. This is timed with a stop- 
watch over periods ranging from three to thirty minutes. 
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Fia. 2. — Plan view of Lindemann electrometer and connections. 



Fio. 3. — General view of apparatus. 
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Alpha rays emitted from the inside surface of the aluminium chamber, 
and beta rays ejected by impact of gamma radiation arriving from sources 
outside the instrument, are responsii)le for ])art of the ionization current 
measured. This “^latural leak,’' the residual ionization produced in the 
empty chamber, must be measured accurately and kei)t small and constant 
if maximum sensitivity is required. The natural leak of this instrument 
measured on the ground floor of a brick building, a locality known to have a 
fairly high gamma radiation intcmsity, is 6 millivolts per minute. 

This quantity is subtracted from the total rate of change of voltage 
observed when a sample is being tested, and the product of the net rate 
and the combined electrometer and ionization chamber ca[)acity gives a 
value for the ionization current due to alpha rays emitted from the s])ecimen. 
The area of the tray is known accurately, and this value is converted to 
ionization current y)er square centimetre of surface of specimen. 


Capautty Measurements 


The capacity to earth of the central electrode and electrometer needle 
was found in an earlier instrument by constructing two standard coaxial 
cylinder condensers, the difference in their capacities being known by 
calculation from their physical dimensions. These were designed to fit 
into the shield surrounding the central electrode in phuM* of the switch 
assembly Sj. A fairly intense source of gamma radiation was ])laced near 
the ionization chamber, and the time required for the electrometer needle 
to move between two fixed points on the microscope eye-j)it‘C(* scale was 
^found with first and then in parallel with the unknown ca])acity C, 
and the time observed with no added ca})acity. 

f —t C -C 

If , fa and t are the three time intervals respectively, then - y-- ^ 


und 0 can be found. In this way, C ~ 7*5 pF. for the earlier chamber. 
A comparison of* the capacity of the prt^sent instrument was made by 
measurements of several samples in both chambers, and their capacities 
were found not to differ by more than the experimental error. 

Theoretical aspects of the ejection of alpha particles from thick solid 
sources have been discussed fully by Evans(2), and Marsden and Watson- 
Munro(3) have published the results of a large number of measurements on 
New Zealand rocks and soils using a similar instrument to that described. 
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CONSTRUCTION OF SELF-QUENCHING G-M TUBES 

By A. (L ]M(’Lkllan, Radio Development Laboratory, De})artinent of 
Scientific and TndustriAl Research 

\U('('nr('>i fo! puhUcatioiK Septf'tnhrr, 7U4~>\ 


Summary 

A (ieN(*ripti()ii is ^i\t‘fi of a Geij'cr-MuHer <’oiintei tiilu*. for use 

Ml prospe<‘tMi^ for radio-active minerals. 

It was required to inak(‘ (LM tubes capable of d(‘t(‘cting y-rays. As these 
counter tubes were to be made part of a portable instrument, it was decided 
to use the self- quench mg tyqie of G-M tube, or “ fast ” tube as it is sometimes 
called, in preference to the non-self-qiienching or “ slow ” tube. This latter 
tube, despite its rather derogatory title, has several advantages over the 
fast tube which makes it ideal for semi-standard work in the laboratory — 
that is, (a) its iierformanee is constant with time ; (b) variation of 
jierfonnance with temperature is very small. With regard to these 
characteristics the “fast” tube is inferior(l-6). 

*The most important characteristic of a G-M tube is its ’* plateau ” — 
that is, the region of high-tension voltage applied to the tube over which 
the number of counts per minute for a given radio-active source is 
substantially constant. This is obviously a doubly mqiortant characteristic 
in jiortable equifiment -the wider the plateau the better. Now, with slow 
tubes the jilateau depends on the external circuit, and with B batteries of 
45 volts it is difficult to obtain a very wide plateau, whereas with fast tubes 
the ])lateau width is a functioii of thii G-M tube itself — /.c., condition of 
cathode surface, filling gas, <fec. — and they can be constructed with jdatoaus 
of 250 volts quite consistently. 

The tubes made were filled with argon and ethyl alcohol or helium and 
ethyl alcohol. The cathodes wen* of thin co})per sheet which fitted in glass 
tubing (pyrex) of J in. outer diameter. The central win* was of 250 micron 
tungsten wire. The lead from the copper cathode was another piece of 
250 micron tungsten wire pressed between the cathode and inner glass 
surface. For convenience in assembling the G-M tube in a brass sheath, 
its connections were made at one end. This fact, because of the short path 
over the external glass surface between the central conductor lead and cathode 
lead, caused initial trouble. This surface leakage path caused spurious 
counts (worse at high humidities), seriously affecting tin*, plateau. However, 
by coating the G-M tube with wax and bedding it in wax over the sheath, 
this trouble was eliminated. In most G-M tubes th(i central conductor, 
at the end where the cathode lead comes oUt, is bedded in glass and 
connection made at the other end. The leakage path is then many times 
greater. In either case, for outdoor work the G-M tube must be enclosed 
in an absolutely watertight sheath. 

Comiection on to the tungsten leads was made by brazing tinned copper 
wire on with Easy-flo brazing materials. 

The treatment of the copper cathode is important and will be described 
In detail. The cathode is cut to size accurately and rolled with a piece of 
brass tubing of diameter slightly less than the inner diameter of /the glass 
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tube, OH a piece of sponge rubber, until the cathode when slipped in the glass 
tube fits tightly. The cathode is then washed in a grease-remover, cleaned 
in 6M-HNO3, and then rinsed several times in Odn-HNO;, to remove any 
copper compounds formed by the stronger acid. It is rinsed at least ten 
times in distilled water and dried thoroughly. In order not to cotitaminate 
it again, the cathode is handled with clean rubber gloves. The cathode 
is put on the clean brass tubing described above and is ins(*rted into the 
glass by slipping off the brass into the glass. This is an easy method and 
does not crinkle the cathode. The G-M tube is then constructed. 

When the tube is sealed 011 to the filling system it is evacuated and 
filled with dry nitrogen peroxide prepared by the action of 16m. nitric acid 
on cop])er and dried by passing over calcium chloride and phosphorus 
pentoxide. The tube is then heated w'ith a large gas flame until the glass 
is hot enough to char a piece of newspaper. The copper cathode assumes 
a purplish oxidized colour. This film of oxide is an essential component 
of the self- quenching tube, its purpose being to give very low photoelectric 
emission and high work function. The tube is then evacuated. The pump- 
used was one guaranteed tc» only 0*01 mm. and a dry ice trap was used. 





Fig. 1. 

A mercury manometer was used for indicating pressures. It was then filled 
to 0-5 cm. pressure with ethyl alcohol vapour and up to 7 cm. pressure with 
helium. After sealing off, the tube was placed in a wax bath and then coated 
with a good layer of wax by successive dippings. It was then assembled 
in its sheath. 

Tubes prei)ared in this way invariably were good and had similar 
characteristics. The };)lateau width was from 200-300 volts. 

Effect of Temperature 

Since ethyl alcohol vapour is used it is advisable to use it at pressures 
such that over the range of temperatures that the G-M counters will be 
used — i,e,, from 0°~20°c. — ^the alcohol present does not condense. The 
temperature at which 5 mm. pressure is saturation, vapour pressure for 
ethyl alcohol is about — 15°c.(7), hence this is a suitable pressure, since 
only below this low temperature will the alcohol begin to condense. 

With this condition satisfied, the gas and vapour filling should behave 
approximately as a gas filling and certainly in the fact that, above — 15°c., 
the number of molecules present in gaseous and vapour form will remain 
constant. Therefore, since the slow counter has very little temperature 
effect, one would expect the fast counter also to have very little temperature - 
effect above — 10°c. That is, if the observed temperature effect with. 
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fast (‘ouiiters(8) is, as Korff, Spatz ami Hillborry say, (iup to removal of 
alcohol hy condensation. In their exj)eriment, apparently, they used alcohol 
at nearly saturation pressure at about ()°(\ 

The effect of decrease of temperature on the tubes made as described 
here was tested. One tube performed consistently well down to 3’c. (the 
lowest temperature attainable), whereas another perfornu'd badly at 6®C., 
its ])lateau there bein^ only KK) volts, as compared with 250 volts at room 
temperature. Their starting potentials— /.e., beginningof plateau — remained 
constant for varying tern ])eratu res. 

Therefore the tubes will not be unNvt»rkable at low temperatures, ])rovided 
an accurate voltmeter is available. 

Life of G-M Tube 

The quenching properties of the alcohol demends on its dissociation by 
absorption of the IJ.V. ]jhotons emitted by the argon or helium ions on 
neutralization. Thus every ])ulse registered m(‘ans the dissociation of a 
number of alcohol molecules to products that are useless for quenching. 
According to Korff and Presen t(9) for every registered ])uls(‘. 10^ ^ alcohol 
molecules are dissociated. Hence in time' such a tube will become Jiseless. 

If 2*5 mm. pressure of alcohol are necessary for efficient quenching, we 
•can calculate the number of pulses n'quired to reduce the ])artial pressure 
of ethyl alcohol from 5 mm. to 2*5 mm. This number is 2*5 x 10^, and at 
150 counts per minut(‘ (normal rate) it would require three years' continuous 
operation to render the tube entirely useless. 
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Summary 

During!: the vmo it the rt'spoiisihility of the Doniiinon IMiysicai 

Lahoratory to produce a larjxe proportion of thi‘ gaufit's and jirtM ision tools 
necesHarv for the manufacture of miinitiouK in \ew ZcmIcOuI 

This article deads in general terms VMth the organization and eMpiijumuit 
lu'cessary for this work, and in mon* partniilar ti'rins \Mth some of the 
difficulties encountered and the means 1>\ \^hi< h the\ \\(‘r<‘ surmounttal. 

I’he article has he«*n disided into two parts, the first deaiiujir with eepnp- 
ment and the* prodmtion of limit ixauffi^s, v\hile the* se*(*onel eliseussos piTcision 
tools, training' of staff, and piodmtion me*tho<ls. 

IXTRODITTIOX 

The mass production of munitions in vvidedy M'pa rated paits of the Dominion 
nec«‘ssitated the ^imeral adoption of the principles of interchangeable maiiU' 
facture, using precision tools and fixtures in conjunction with limit gauging, 
for the control of dimensions (see Figs. I and 2). 

Although modern engineering production methods and single-purpos(‘ 
machines have simjilified production processes, ttu‘V ha\e‘ also incn*ased the' 
necessity for jirecision w’ork in their tooling and gauging. 

Tools and gauges, consequently, are usually grouped togetheu* as an 
article* of manufacture, jiartly b<*cause their manufacture calls for accuracy 
of a high order, and }jaTtly be*cause the gauge is required to control the 
dimensions of a product for which the tool is responsible* 

This may more readily be appreciated by consideratiem of the* accuracy 
demanded at various stages of the proeluction set-U|). 

For example, in the case of the two jiarts of a shell fuse*, w hich must be 
capable of being screwa*d one into the other without ri*sorting to selective 
assembly, the tolerance permitted the factory producing each of these parts 
is, say, ()-(X)5 in. It can generally be accepted that the tolerance permitted 
the manufacturer of the tools used in screwing these parts is about 10 per 
cent, of this — that is, ()-(K.K)r) in. The same tolerance wTuild be allotted to 
the gauge-maker, who, however, must have measuring equijnnent cajiable 
of controlling and checking his w'ork, w’hich by the same process of reasoning 
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would be made accurate within a tolerance of 0-(XXX)5 in. The reference 
standard by which this equipment would be checked would be accurate 
within 0*(XX)0()5 in. Therefore, manufacture of munitions to ()*005 in. — 
quite a liberal tolerance — necessitates tool-rooms capable of producing work 
accurate to ten-thousandths and possessing equipment accurate to a few 
hundred -thousandths of an inch. In addition to this, a reference to the 
metrology laboratory, with equipment accurate to millionths, is necessary. 


i 



Fio. I, — A group of thread ground limit gauges for dimtuisional control of tapped holes 

in munitions parLs. 


Plant and Equipment 

It is convenient to grouj) the operations iji both tool-making and gauge- 
making into the following definite sections, each with its own particular 
type of equijirnent and control : — 

(1) Machining of the steel in its annealed or soft form to dimensions 

somewhat larger than those of the finished article. 

(2) Heat treatment of the machined steel to develoj) the hardness and 

toughness of the cutting edge or the wear resistance of the gauging 
surface. 

(3) Grinding of the hardened steel to its finished size and shape. 

(4) Inspection of the finished tool or gauge as to its physical properties, 

which may include dimensional accuracy, hardness, conformity 
with specification, or functional test. 

Consequently, the tool-making facilities at the Dominion Physical 
Laboratory were planned to include : — 

(1) Machine-shop 

Here work was initiated on the steel in its soft state, and without 
enumerating the particular machines used it will suffice to say that a balanced 
set-up of bench lathes, tool-room lathes, universal milling- machines, and 
such subsidiary equipment as drills, bandsaw, and shaper bring the work 
to the next stage. 
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(2) Heat ‘treat merit 

It will readily l)e admitted by all those who have had tool-room 
experience that it is in the heat-treatment departnnmt that most tool- 
makhifi; troubles arise. In the machine-shop or in the grinding-room one 
may endeavour to make an accurate pin of diameter exactly | in. As it is 
})hysically imj) 08 sil)l(* to make this pin excuihf a certain size, one specifies 
the dimension for its diameter as 0*5(K) ()*00()5 in. — in other words, the 

machinist is given a tolerance of ()*0(K)5 to which to work, and it is then possible 
for him to meet the requirements. In the heat -treatment of a piece of tool- 
steel, however, several tolerances are observed : (a) a hardness figure which 

must be maintained (c.r/., 62°-64” Rockwell c. scale) ; (h) a maximum 

dimensional change jiernntted (e.g., a broach of length 36 in. must not be 
more than ()*()1() out of straight Avhen hardened) : (r) a satisfactory crystalliini 
and metallurgical striictun*. 



Fi(3. 2. l*iecifc>u)u threa<l-groun<I machine and liand taps. 


It will b(» appreciated, too, that the heat-treater cannot work gradually 
towards his specifications, but must usually attain them instantly in oiu^ 
sudden quench from a high temperature. Yet it is this section of a tool- 
room in which the least amount of control equipment exists and which 
usually receives least study and development. With this in view, modern 
electric salt baths were installed and fully automatic teinjierature-control 
equipment maintained at all stages of the work. 

As this work is the subject of a sejiarate report, it will suffice to enumerate 
the equipment in this section : — 

Case Hardening. — Salt baths, electrically heated by th(» immersed 
electrode method. 

Hardening of Tool Steels of the Straight Carbon or Alloy Type . — 
Ilearth-type furnace, atmosphere-controlled, and electrically 
heated by resistance windings. 

Hardening of High-speed Steels.— Salt baths electrically heated by 
immersed electrodes both for primary hardening and secondary 
hardening. A gas muffle used for preheating. 
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Nitriding or Cyaniding of High-speed Steels . — Electric pot furnace. 

Tempering of Tool Steels . — Closed circuit air-recirculation furnace. 

SUibilizing of Gauges . — Electrically heated hot-air oven. 

Oil-quenching . — Quench tanks with oil cooler in circuit. 

W ater-quencMng . — Quench tanks with circulating water. 

Air-quenching . — Air blast from forced-ventilation system. 

(3) Grinding 

This section was located in a fully air-conditioned room, held at 68*^ F., 
and artificially lit by fluorescent tubes to a general intensity of 25 foot 
candles, with an intensity of 80 foot candles at the machines, provided by 
low-voltage incandescent fittings. Machines were grouped into internal and 
external cylindrical grinding, surface and gap grinding, tool and cutter 
grinding, thread grinding and laf)f)ing. A small workshop inspection-room 
was incorporated. Jig boring of jiosition gauges and fixtures was also jier- 
formed in this section, as it was closely associated with surface grinding 
and cylindrical grinding of })ins and checks. In jirecision work it is becoming 
more and more generally realized that the logical ])rocedure for the production 
of hardened gauges and tools should be to “ rough out ” in the soft, harden, 
and then grind to finished dimensions. New machines are consequently 
coming to the fore with consequent new technique. For exanqJe, the thread 
grinder has re])]aced the precision screwing-lathe with its variable lead screw 
and subsequent lajqiing to corre(‘t unpredictable dimensional changes m 
heat treatment. A jig grinder has just been develojied which will simplify 
a great deal of work at jiresent done on the jig borer and corrected aft(‘r 
hardening. 

It is evident that precision grinding, with its attendant ])recision 
measuring and control equipment, will take a larger jilace in all modern 
tool work, 

(4) Metrolo(jy 

Although the final inspection of gauges for the ])urpose of certification 
was, of necessity, separated from their manufacture, constant insp(*ction 
as a means of control in the worksho})s was necessary at all stag(*s. Four 
ins])ections were regularly carried out for general tool and gauge work 

(a) A su})erficial inspection by the machine-shop foreman before })assing 
the work to the heat-treatment room. 

(})) A full inspection by the shof) metrology-section after heat-treatment 
and before any grinding was done. Here hardness was checked, 
also straightness, superficial cracks, and such dimensions as may 
have been affected adversely by the hardening proc(‘ss. 

(c) A further inspection by the shop metrology-section on com]>letion 
of the work. It was then com})letely checked against the 
drawing and specification before leaving the sho]). 

{d) A final insj)ectiou by the metrology laboratory in the case of gauges, 
s})ecial tools, and ])reci8ion fixtures. The article was then 
certified or rejected, and left the laboratory for the rnunitions- 
factory, the gauge-store, or the inspecting authority. 

Manufactxtring Procedure 

The scope of this article will not permit of a comprehensive description 
of detailed manufacturing processes for the various types of tools and 
gauges. It is ho})ed to illustrate some of the more difficult operations by 
describing a few special projects in which the process or the design is 
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thought worthy of record. In Part II a short description of staff recruit- 
ment and training for this work will also he given and a brief synopsis of 
the work-scheduling system, installed to secure precision jiroduction with 
staff* coni})os(Hl of a large p(*re(*ntag(‘ of trainees. 



Fkj. 3. — Prujectur gauge for fuse-striker juiis. 


The Prodiution of some Special (tauges 

(1) Optical -Profile Projector, or '' Shadowgraph,^' for Inspection of 
Fuse-stnker Pin 

In order to ensure* correct functioning of the fuse, the length from 
shoulder to jioint of this })iu had to be controlled to 0*(X)5 in. in a length 
of about 2 in. At the same time, it was convenient to gauge the shape and 
condition of the striker point. One form of fuse-striker ])in can be seen 
in the foreground of the photograph (Fig. 3). 
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It was early found that the customary snap-gauge, or indicator gauge^ 
damaged the point of the striker pin, esj)ecially in the hands of an unskillecl 
o[)erator. The o[)tical projector-type gauge shown in Fig. 3 was therefore 
developed to overcome this difficulty. 

The following requirements had to he considered : ~ 

(а) The projectors should he as compact as ])ossihle. 

(б) They should lie readily visible in ordinary sho]) lighting, without 

the necessity for darkening the room. 

(c) They should utilize a spectacle lens if possible, as ])rojection lenses 
wen* difficult to obtain. 

(r/) They should be capable of adaptation to the striker pins of each of 
the various fuses being made in New Zealand. 

(e) They should lx* easy to operate and read by an unskilled opi'rator. 

The projector, as will be seen from the photograph, consists of a cast 
aluminium base and lamphouse. A bracket from tin* base carries the 
projection lens, while a seixind bracket on the lamphousi* carries in the 
condenser lens and the adajiter necessary to hold thi* striker pin in }>osition 
for projection. 

A magnification of about 15 was found satisfactory, and this was 
obtained by using a lens of 1 in. focal length and a tlirow of about 1 ft. 3 in. 
For compactness and ease of oiiservation, the image was reflected by 
a small mirror back to the '‘micro-grain” ground glass scri*en. This 
mirror was also manufactur(‘d at the laboratory by surfaia* aluminization. 
A light plywood case covers the mirror and also carnes the screen. On 
the screen the sha})e of the jioint was engraved twice -at the high limit 
of length for the projected striker, and also at the low limit of length. 
This was originally done by manufacturing an accurate setting bar. 
resembling a double-i'iided striker, one end being to the high limit of 
length, and the other end to the low limit. The projections of this setting 
bar gave the ])osition of the screen engravings. Adjustment of the* 
projector was subsequently carried out by means of a titling screw acting 
on the small mirror. The setting bar checked this adjustment. 

The lamphouse carried a 6-volt 36-watt automobile-type electric bulb 
operated by a small transformer from 230 volts A.C., and parallel light 
was obtained by means of a 19 dioptre spectacle lens as a condenser. A 
green filter has been found to improve definition and may be used, ])ro\uded 
the situation of the projector is such that the loss of illumination is not 
serious. 

The striker pin was carried in a spring-loaded ada})ter, which ejects tin* 
j)in after gauging. These adapters were removable, (*ach variety of jiin 
being provided with an adapter suitable for its length and form. These 
were interchangeable, so that the projectors themselves may be made in 
quantity, thus reducing the cost and time of manufacture. 

With this type of optical gauge, the length of the striker, the form, and 
sharpness of the point may simultaneously be gauged very quickly, 
with the added advantage that neither the gauge nor the jiart being gauged 
will be subject to any material wear. 

The projector was made from scrap aluminium and consequently was 
sufficiently light to be readily portable. Its cost compares favourably with 
the indicator-type gauge formerly used both in this country and abroad 
for this work, and its life should be much longer. 
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(2) The Manufacture of Roller-type Screir-gauges 

One of the* most serious bottlenecks in munitions production in New 
Zealand, in common with most countries, has been the production of screw 
ring-gauges in sufficient numbers and to the degree of accuracy demanded 
by modern interchangeable manufacture. 

The difficulty of manufacture of these gauges was further accentuated 
))y the lack of internal thread-grinding machinery and the large amount 
of work involved in the manufacture of equiyiment, both for manufacturing, 
controlling heat-treatment, and checking, if the alternative process of 
lajiping was resorted to 

In order to jiartially offset these difficulties we formulated s(‘veral 
<*X])(‘dients, amongst which were — 

(a) S|)lit and adjustable ring-gauges. 

{h) Caliper-type screw-gauges. 

(r) Ojitical-projection screw-gauges. 

(fl) Roller- or l)utton-tyj»e gauges. 



Fto. 4. -Sonit* r<)ller*tvp<* Ken*w-gaiigfs and the parts they gauge. 

Of these, th(‘ first three W(*re found to yiossess disadvantages either due 
to difficulties in manufacture to the desireil accuracy or, in the cas(* of (r), 
difficulty of use to the desired accuracy. 

The roller-type screw-gauges have, however, shown consiilerable jiroinise, 
as they possess advantages over the normal screw ring-gauge in c(‘rtain 
resfiects, and seem worthy of a detailed description. 

The requirements to be considered in the design of such a gauge are as 
follows 

(a) The gauge must be capable of manufacture to such a degree of 
accuracy that it will be accepted by metrology on the same checks 
as a normal screA^ ring-gauge. 

(h) The gauge shall have sufficient mechanical strength to stand up to 
constant use by an unskilled operator. 

(c) The gauge shall be cayiable of being set to checks or a setting })lug 
by some simple adjustment. 

{(I) The buttons shall be capable of being yiroduced by normal external- 
thread-grinding machines. 

(e) The gauge shall be of such a form that the jiart to be gauged can 
be passed across it with a satisfactory “ motion cycle.” 
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Figure 4 shows a selection of these gauges together with the parts they 
gauge. They consist of two thread -ground buttons of standard Whitworth 
form mounted on a suitable base plate. Interference due to the helix angle 
of the part being gauged has been avoided by making these buttons of the 
same effective diameter as the part being gauged, but cutting the thread 


f 



Fig. 5. — Roller -gauge for J in. inHulator spindle, Cordeaux thread. 


left-handed. The threads thus coincide exactly at the point of tangency 
between gauging button and part gauged. In order to ensure that the 
threads match, the rollers are each given at least one-half a pitch “ end 
float on their pins. 

These pins have eccentric tapers on them which seat in jig-bored taper 
holes in a mild-steel jdate. The amount of eccentricity on each was 
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O-OlOiii. and the holes were normally spaced a distance apart equal to 
twice the effective diameter of the part to lx* gauf];ed, thus leaving ()*()2 in. 
adjustment. 

As the initial ^auj^e was to check a part of about 2 in. diamc^ter, the 
buttons necessary w(*re rather heavy and the “ feel ” of the ^aufi^e in use 
was not sufficiently dedicate. To obviate this, J in. st(*el balls wen* 
spring-loaded against the under surfaces of the buttons, causing them to 
“ float.” This considerably increased the sensitivity of the gauge. This 
gauge* was put into use exjierimentally and gauged U})wards of seventy 
thousand fuse bodi(*s before r(*setting to coimteract wear. 

In ofieration it was considerably faster and easier to use than the 
normal ring-gauge, and althcmgh it did not gauge roundness, this could be 
(‘ffected, if nec(*ssarv, by a plain ring-gauge, in a second operation, such a 
gauge* prese'iiting no difficulty in manufacture. Subsequent gauges have* 
b(*(*n manufactured using a vertie-al back-plate, and the*se have b(*en 
standardize*!! into three* senes so that pins, bae‘k-plat(*s, may be 

iiianufae'tiired in quantity, so as to assist ])rodue’tion and re*duce e*osts. 

.An interesting application of this gauge is shown in Fig. 5, where* it is 
usee! te) gauge the thread of a § in. telepheine-iiisulator spindle. This thread 
is e)f (/eireleaux form, anel has the |)e‘cuiiar shape slieiwii in outline above* 
the* insulator. Neirnial nng-gaug(*s e*ould not be* ])re)eluced with the 
grinding e*qui|)nie*nt in this e'enintry, and would require* la])ping, a lime*- 
e-onsuniing anel uncertain pre)e*e*ss. 

A button-type gauge e*an re*adily be jirodiiceel by exte*rnal gnneling 
(see later paragrajih ein jireiduction eif Coreieaux ])lug-gauges). 

One* difficulty, however, is the* small diame*ter of the insulateir spinelle 
anel the coarser pitch of the thre*ael — six threaels })er inch. This weiuld 
necessitate* the use eif a corre'spemelingly small button with a very sjiindly 
pin through it. 

Beith these faults were eiverceune by making the buttems ttnee the [)iu 
eliameter that is, 1] in.-- anel cutting a double start left-hand threael oa 
the buttons, tlius (*nsuring the same hedix angle at the effective diameter. 
It will be* realizeel that the hedix angle at major and minor diameters will 
vary slightly freini those on the insulator pm, but not sufficiently to be of 
significance*. 

f3) The Manufacture of Liiuit-ffauges for Porcelain Insulators 

These gaugers were inaele to the oreler e)f the Ministry eif Supply feir 
insjiectiein and dnnensiemal cemtred of the ty])e No. 1 porcelain insulateir 
now being proeluceel in New Zealanel feir leical and eiN'erseas requirements. 
The gauges comply with B.S.S. lb and amendments, which call feir — 

(«) A full-feirm “ go ” screw-gauge, and a truncate*el “ not go screw- 
gauge. 

(b) A “ not go ” })lunger-ty})e thread core-gauge. 

(c) A “ go ” thread depth-gauge. 

The thread employed in the No. 1 insulator has the Cordeaux form of 
in. majeir diameter and six threads per inch. 

A diagram of the Cordeaux-tliread form is shown in Fig. 5. 

Owing to the unequal angles and radii at crest and reieit, this thread 
•cannot be cut on a thread grinder by normal me*thods. Previous Coreleaux 
forms have be^en lathe cut, using a profile projector to eibtain a satisfactory 
form, but trouble InivS been experienced with pitch alterations in hardening. 
For this reason, it was decided to attempt to grind the threael. A single- 
point tool was first inaele up by freehand grinding and stoning to match a 
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form diagram drawn fifty times full size. Using this tool, a eircular-form 
tool was made, so that any further work involving the Cordeaux thread 
could be handled. It will be understood that the life of a circular-form tool 
is much greater than that of a single-})oint tool, and that small adjustments 
in form and angle (;an be effected by alteration in centre height or rake. 

From this form tool, a crushing roll of about 3 m. diameter was made. 
An oil-hardened tool-steel was used for this roll, which was gashed spirally 
and then hardened to Rockwell A standard 220K. thread- 

grinding wheel was then chamfered and grooved with a roughing diamond 
to ap})r()ximate dimensions. The forme<l roll was mounted on a fixture 
vertically above the wheel and pressed against the slowly rotating wheel, 
thus crushing the Cordeaux form into the periphery of the wheel. The work, 
which had also been roughly jirecut and hardened, was then mounted on 


CQRP.EAUX THkIAD 



Fig. ti. — Porcelain inmilator thread gauges. 


centres in the thread grinder, with the lead selected at 6-T.lM., and grinding 
proceeded with, using normal cuts and wheel speeds. 

The resultant gauges were most satisfactory, both as to dimensions and 
surface finish. 

In order to obtain the truncated form necessary for the “ not go 
effective-diameter gauge, a full-form gauge was first ground, with its effective 
diameter on the high limit. A wheel was then dressed to 40° included angle 
and run through to clear the bottoms of the threads. It will be noticed 
that a shift axially is necessary here before in-feeding, as the flank angles 
of the Cordeaux thread are not equal. The top of the thread was truncated 
by cylindrical grinding so that contact was made in the neighbourhood of 
the effective diameter only. Finally, the end turns of thread were removed, 
as is standard thread form practice in screw-gauges, and in the case of the 
“ go ” screw-gauge a depth collar was ground and added. 

A nuihber of these gauges, both for production control and final inspection 
appear in Fig. 6. 
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(4) The Vroduviian of Hardened and Ground Square-thread Gaufjes for 
2 in. Mortar Barrel 

(a) General Fornt of Gawjes. - Both production and ins[)cction gauf^es 
were rf‘(juir(*d, to ih(* {general form shown m Fijj;. 7. The major diameter was 
2*315 in., four thr(‘ads per inch of a square section hemji formed 0*125 in. 
wide X 0*074 in. deep. All elements to be to an accuracy of ajiproximately 
0*0003 111. 

(/>) Soft Gauiies. As the makin^-up of the necessary (‘quipiiumt and 
checking <^ear was expected to occupy some time, soft j?auges were mad(‘ in 
tool-steel to act as tenijiorary checks. Jt will be und(‘rstood that, as the 
lif<* of these jifau^es could not be expected to be much ai)ove fifty ^aiit^ni^s, 
only check or sel<‘ctiv(* ^aujjjm^ could be carried out. 



(c) Element-ifaiajes . — In order to eke out the life of the soft, full-form 
j^auges, element-gauges were jiroduced in the hardened state. These gauged 
separately, jiitch, major diameter, and minor diam(»ter, and could be jiro- 
<luced by normal machining and grinding ])rocess(*s. Concentricity or 
correlation of the elements was then checked on a few components with the 
soft full -form gauges. 

(d) Diffieultles to he oeereome. — Tt will be realized that the main ditticulty 
to overcome in grinding any square thread is that of “ interference.” In 
lathe-cutting, this interference does not occur, as a single-point tool of no 
appreciable depth is einjiloyed. Even if inclined at the hvVix angle, fouling 
will occur at the circular path of the wheel perijihery and the helical jiath 
of the groove on the work jiiece. In order to overcome this, the axis of the 
grinding wheel would have to be inclined to that of the work, in a plane at 
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right angles to the helix at the ])oint of cutting. The wheel would also have 
to be thinned, or saucere{l, and each flank of the square thread ground 
se])arately. 

MeOwd of Griyiding. —The niachine available for the work was a Matrix 
16 Universal thread-grinder. This machine permits a wheel head tilt in one 
plane to allow for h(*lix angle of thread being cut. Unfortunately, there is 
no provision for a tilt in the second plane, nor is there any j)Ossibility of 
reconstructing the wheelhead to provide one without a major rebuilding of 
the whole head. 

The first attempt to obtain th(‘ necessary relief was to set th(* tailstock 
over so that the work would make an angle of about 3 ’ to t he axis of the 
wheel spindle. This would have the effect of causing the machiiu' to grind 
a tapered thread, so the tajier-grinding attachment was set to the same 
figure in the o])j)osite direction. Correction in terms of sec. 3' was then made 
on the pit(*h -correcting sine bar. 

Promising results were obtained at first, but three troubles made us 
jettison this method. Thes<‘ were- 

(a) It was almost im])ossibl(‘ to dress the wheel accurately at right angles 
to the irork axis, as all the available dressing arrangiunents relat(*d 
to the axis of th(* irork-tahh\ 

(h) A drunkenness of pitch was experiencinl, which was attribut(‘d to 
ellijitic action of the carrier dog. 

(c) It was found that helicoidal interfenmce still occurred slightly at 
3’ tilt, and this was the maxinuini obtainable with the aiiovi' 
set-uf). 

It was thus realized that either a smaller wheel would hav(» to be 
employed or a greater tilt would be nec(\ssary. A satisfactory combination 
of both the abov(‘ was obtained by mounting on th(‘ wlu‘(*lh(‘ad an auxiliary 
bracket carrying a tool-post grinder. This bracket was set off ajiproximately 
7^"^ from the axis of the existing wheel spindle. 

The following precautions were taken : 

(a) The wheelhead sjiindle was carefully overhauled and r(*adjust(Ml to 
obtain perfect balance and absence of en<l-])lay. 

(h) The contacting section id’ the wheel was located at the height ami 
on the axis of the helix angle adjustment, so that making om^ 
correction would not affect the other. 

(c) The wheel was balanced and <lressed from the work table axis. 

Alteratiovs to Design of Gauges . — From experience with the earlier gauge's, 
it was decided to make slight alterations to the design of both the jiroduction 
and inspection gauges. 

The gauge was separaU'd from its liandh*, turned up from “ non-shrink ’ 
tool-steel, jirecut, leaving an allowance of afiproximately ()-()2() in. for 
hardening and grinding, and undercut on the flanks. 

After hardening and stabilizing, the gauge had the surface of its end 
faces ground parallel, then setting-up from thes(' faces the bore was mount<'d 
on a tapered mandrel. This mandrel was centre-lapped and drivi'ii on dead 
centres jiarallel to the work table axis. Rough grinding of each flank was 
then proceeded with, the mandrel being reversed on its centres for each 
flank. 

It was ])ossible to check the correctness of the wheel profile by examining 
tlu* intersection of the ground helix with the end faces. The wheel was then 
redressed and finish grinding was proceeded with, using ()-()0()2 in. and 
0-C)001 ill. cuts, until the cylindrical “ go ” check just entered the square 
thread. After this, pitch was checked, minor diameter ground, major 
diameter ground, and the edge of the thread chamfered. • 
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In spite of the makeshift nature of the apparatus, it was found possible 
to keep inside the tolerances s})ecified, the main difficulty encountered 
being an error in pitch occurring at intervals. This manifested itself 
in a similar periodical alteration of the width of the square thread. 

This error was later traced to eccentricity of the compound bearing on 
the live centre drive. This is dealt with in report No. (5), as it was during 
the jiroduction of the corres[)onding ring scr(*w'-gauges that it was finally 
located. 



Eli;. S. — S(jnfirc-thr(*ad rinjij-gaiigcs, har(lom*(l and ground. 


(5) The Produel lot} of SpeeiaJ Square-thread Pnuf-qaiqfes for Breech Piece of 

the 2 ni. Mortar 

Encouraged by the successful production of the corresponding male 
gauge for the mortar barrel, it was decided to attmnpt to produce th(^ 
square-thread ring-gauge, hardened and ground (see Fig. S). 

While the same* difficulties existed as in the male gauge as n^gards helical 
interference, the following additional problems presented themselves: - 

(a) The wheel size would require to be much smaller to allow of the 
internal grinding. 

(d) Measurement could be made only by means of clu'cks, themselves 
a difficult grinding job, carrying a toleranc(» of apjiroximately 
0*(KX)1 in. 

(c) Visibility was difficult, a dental mirror and “ intuition ’’ being the 

main aids. 

(d) Reversal of the ring and resetting to allow of grinding each flank 

in turn would require considerable skill. 
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(e) The gauge required carried a concentricity check in the form of a 
\ in. end plate, on which angular position had to be engraved to 
indicate “ start of thread.”* Depth of thread was also gauged 
from this end plate. 

Method of Production . — The same machine, a Matrix 16 Universal thread- 
grinder, was set up for this work with the same operator. A large amount 
of the credit for this work must be given to the oyierator, and it is worthy 
to mention that this man was a trainee under the Wellington Technical 
College scheme, having had no previous expcTience of precision grinding or 
measurement before coming to the Laboratory in 1942. To the foreman 
of the grinding-room is due the credit for this training and also for the 
details of the methods described hereunder. 



Fig. 9. — Set-up for grinding square-thread rings. 


For the successful grinding of this particular gauge the following 
provisions are necessary : — 

(а) Sufficient helical flank-clearance. 

(б) Blind grinding of one flank of thread at a time. 

(c) Thread matching the position of wheel. 

(d) Overcoming intermittent error due to eccentricity of lay shaft and 

spindle of workhead (machine fault). 

(e) Redressing flank of wheel to conform to helix axis of wheelhead. 

(/) Ensuring concentricity of flanks when opposite flank was ground 

(g) Grinding half of major diameter in each setting. 

As with the grinding of the square plug-gauge, a tool-post grinder was 
set up with the axis of the spindle at approximately 10® to that of the 
axis of the screw ring to allow sufficient flank clearance (see Fig. 9). 

It was found that the maximum wheel diameter which could be used 
was 0*875 in., due to the screw helix following over the wheel. The width 
of wheel flank was 0*06 in. to allow grinding of one flank, and a little over 
half the major diameter width. 
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This meant grinding the flank nearest the headstock and reversing the 
work in the chuck to enable the opposite flank to be ground. This was 
accomj)lished by grinding both faces of the gauge parallel, and also 
cylindrically grinding two })ortions of the outside of the gauge from which 
to set u]). 

It is as well to state here that these faces required to lx? set uj) well 
within 0*00()1 in., as the particular machine used had an amount of 
eccentricity of about ()*()0()7 in. on the chuck end, mainly due to an eccentric 
compound-bearing in whi(;h the live spindle ran. It was found that the dead 
centre drive had to be locked in one particular position before the live 
S})indle ran true enough for setting the gauge. This, of course, caused a 
drunken j)itch error of about ()*()()()8 in., which was eliminated by indexing 
the dead centn* around the live spindle in six equal angular positions. It 
will be interesting to note here that this machine fault was the cause of the 
unsolved trouble (*x])erienced with the plug screw-gauges mentioned on 
p. 279, and that the leadscrew which was suspected was found to be accurate. 

The flanks were ground ‘‘ blind ” — the leadscrew was set up for 
right-hand grinding and the table limit switches set for left-hand grinding, 
while the slow return on the table was used, which meant that the wheel 
ground outwards from headstock to tailstock. A small dentists’ mirror 
was used for inspecting the intersection Urn? of flank and face of gauge, to 
ensure that this was truly radial. A major diameter check was previously 
ground which had thin flanks so that the ground portion of the major 
diameter could be checked for size, the amount which had to be removed 
being carefully checked beforehand. 

An adjustment was incorjiorated to enable the working flanks of the 
wheel to be aligned over the axial helix centre line of the wheelhead after 
each dressing. Th(‘ wheel used was an aluminium oxide 60 K5BE. The 
spindle speed was 9,(KK) r.p.m. and work speed for finishing and roughing 
498 r.p.m. Roughing cuts were from 0*001 in. to ()*(XK)5 in. and finishing 
cuts no more than 0*0(X)1 in. The coolant used was Cut-max 20-40 straight, 
the flow for roughing being 4 gallons per minute while for finishing cuts the 
sujiply was disjiensed with. 

The floor-to-floor time for each gauge was twelve hours. This con- 
sidering the temporary nature of the set uj) and the difficulties to be 
overcome, was thought satisfactory and the cost of production of these 
gauges justified, by comparison with the increased life obtained over the 
original soft-gauges. 

As in the case of the male gauges for the mortar barrel, it was necessary 
to provide control of the process while these hardened gauges were being 
developed, and this was done as follows : — 

(а) By the manufacture of soft full-form gauges, using a formed 

threading-tool in the Bryant and Symons precision internal 
screwing-lathe. 

(б) By the separate gauging for the elements with hardened element 

gauges. 

These could be used for the main gauging processes, and the correlation, 
or concentricity, of the elements checked by the occasional use of a soft 
full form gauge. 

The foregoing examples illustrate a few of the more difficult problems 
encountered in the production of gauges. It is hoped in Part II of this 
article to deal with the production of certain precision tools and also to 
touch briefly on the procedure adopted for the training of unskilled staff 
for this work, and on the method adopted for routing the work from machine 
to machine through the tool-room. 

( T*/! ho Ofviar>l9ii1oe1\ 
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THE EFFECT OF DAIRY FACTORY DRAINAGE 
UPON THE QUALITY OF STREAMS IN TARANAKI* 


By P. 0. Veale, Taranaki Service Laboratories 
[ Received for publication^ 30th May^ 1945^ 


Summary 

(^hemical and bacteriological analyses were made during 1939-40 of waters 
from two streams in Taranaki, the samples being taken just above, anti at a 
point 1(K) yards below, the i)oint of discharge of dairy factory effluent. Where 
the dilution was small (Waihi Stream), the analyses showed an ap])reriable 
degree of contamination of the water by the factory drainage. Where the 
dilution was considerable (Waingongoro Stream), the effect of the drainage 
on the water was not appreciable. 

During 1940-41, samples were taken for analysis from four streams, at 
half-hour intervals throughout the day, at points above the discharge and 
some distance below the discharge, with a view to establishing the distance 
to which the effect of the drainage discharge extended downstream. 

In the Waihi Stream, with a dilution of only 1 in 100, the effect of the 
drainage was evident at 2 miles, and did not completely disapjiear until 
approximately 3^ miles, below the drainage outfall. 

In the Tawhiti, with a dilution of 1 in 1,224, the effect of the drainage had 
disappeared at 1 J miles. 

In the Kapuni, with a dilution of not less than 1 in 3,500, ther(‘ was only 
the barest effect at 100 yards, and all evidence of the factory drainage had 
disajipeared at 400 yards, below the outfall. 

The Kaupokoriui gave a specially rapid recovery. The dilution was I in 
5,515, and all evidence of the drainage from two factories within 300 yards of 
each other had disappeared at 400 yards below the outfall from the second 
factory. 

The results therefore show that with reasonable dilution available the 
discharge of dairy-factory drainage into a well -oxygenated stream has only a 
temporary effect on the quality of the water. 

The composition of drainage waters from both butter and cheese factories 
has been shown in a previous pap€ir(l) to be such as to affect appreciably the 
quality of the waters in streams with small dilution capacity. The effect of 
drainage waters on a stream, and the rate of purification of these waters by 
a stream, depend not only on the strength of the contaminating effluent and 
on the degree of dilution available, but also on the type of stream-bed and 
the rate of flow, which control the degree of reoxygenation of the water. 
The present investigation records a study of the effect of the discharge of 
dairy factory drainage waters on the composition and general quality of 
the water of the stream at the point of discharge and for some distance down 
the stream. It thus provides data for an appreciation of the extent and 
the persistence of the pollution, if any, of the stream through the discharge 
of the effluent. For this purpose samples of water were taken above and 
below the factory drainage outlet, and these were examined both bacterio- 
logically and chemically. A preliminary investigation of two streams — 


* Investigation carried out at request of Dairy Research Institute (N.Z.), Depart- 
ment of Scientific and Industrial Research, Palmerston North, and with the aid of funds 
provided by the Institute. 
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viz., the Waihi and the Waingongoro — was made in the 1939-40 season, and 
a more extensive investigation of four streams — viz., the Waihi, the Tawhiti, 
the Kapuni, and the Kau|>okonui-“Was made in 1940-41. 

1939-40 INVESTIGATION 

The two streams selected were very different in character. The Waihi 
Stream, on the one hand, is extremely small and, although marked on the 
niaj), is little more than a ditch for many miles of its course, and in drought 
conditions becomes reduced to a flow of about 10 gallons per second. The 
factory which drains into it is a dual-j)lant factory with an annual pro- 
duction of 6(X) tons of butter and 600 tons of cheese, so that the j)roportion 
of volume of drainage to volume of flow and the degree of contamination 
are relatively high and would probably repn*sent the maximum con- 
tamination to be encountered from dairy effluents in Taranaki. The 
Waingongoro Stream, on the other hand, is broad, ra})id-flowing, moderately 
shallow, and stony, and is one of the best trout streams in Taranaki. It 
rises from the snows of Mount Egmont and ])ursues a long and sinuous 
course, the flow b(*ing everywhere very rajiid and th(‘ water well oxygenated. 
In drought conditions the volume of water is considerably reduced, but was 
never oliserved at less than 1,25() gallons jier second, and this was a record 
low 1(»vt1. In winter the flow is much greater, but th(‘ stream is never 
navigable on account of the numerous rajiids and shallows. Although the 
factory discharging drainage into it is a cheese factory with an annual pro- 
duction of about 6(K) tons, the dilution is so great that the influence of the 
drainage on the quality of the waters could be exjXH'ted to lie very slight 
and to represent about the minimum likely to occur. 

8ami*lin(j and Analysis 

Both streams were sampled just above the point of inflow of factory 
drainage and at about KK) yards below this |)oint, and, in the case of the 
Waingongoro, close to the same bank. Sanqiling took })lace alw^ays in the 
afternoon, about the midflow of the drainage from the afternoon wash-up 
of vats, utensils, floors, and firess drainings. (Investigation has already 
shown that this is the most concentrated portion of the day’s drainage* from 
a cheese factory.) 

The tests selected were — 

(1) Presunqitive coliforrn tests at dilutions dowm to ()’(X)1 ml. 

(2) Agar bacterial count at 32® f. 

(3) Gelatine bacterial count at 22® o. 

(4) Total solids by evaporation of 20 ml. 

(5) Nitrogen as free and saline ammonia. 

(6) Nitrogen as albuminoid ammonia. 

(7) Oxygen absorbsd from permanganate in four hours at 70® f. 

(8) Dissolved oxygen immediately, and in one day, twT) days, and five 

days. 

The results for tests (4), (5), (6), and (7) are expressed as jiarts per hundred 
thousand. The results for dissolved oxygen (8) are expressed as jiarts per 
million. 

The bacteriological results for the Waihi Stream above and below the 
outlet are shown in Table I, and the chemical results in Table II. The 
corresponding results for the Waingongoro Stream are given in Tables III 
and IV. 



of Coliforni Organisms x 10. Bacterial Counts per Millilitre. 
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The Waihi Stream rises in swamp land and is fed by springs which flow 
from hillside pasture lands. Stock have free access to it, and thus its initial 
quality is never very high. It is subject to large changes in quality due to 
weather variations and to movements of stock. Its worst general analysis 
came early in January and seemed to be connected with disturbances caused 
])y stock. At its record low level on 4th April the water was organically 
almost at its best, but had an abnormally high content of saline matter. 

The effect of the dairy drainage upon the Waihi Stream was always very 
mark(‘d to the senses. The water was invariably opalescent and offensive, 
drey fungus replaced green alga‘ in the stream-bed. Suspended particles 
were common. These changes were reflected in the bacterial counts, the 
coliform tests, and in the values for total solids and for biochemical oxygen 
demand. It was rare for this contaminated water to retain any dissolved 
oxygen after twenty-four hours. The nitrogen figures and the absor])ti()n 
of oxygen from j)ermanganate were always higher than for the uncon- 
taminated water, but the changes were not so pronounced as might have be(*n 
exp(‘cted. The greatest degree of contamination occurn'd on 9th and 18th 
January not when the stream was at its lowest for the season, but when 
the original quality of the stream (particularly in bacterial count and 
dissolved oxygen content) was at its worst. 

The water of the Waingongoro Stream, taken before entry of the dairy 
factory drainage, gave almost always a positive test for coliform contamina- 
tion in ml. and showed other evidence of its passage through heavily 
stocked farm lands. Its greatest contrast with the Waihi lay in its contimt 
of dissolved oxygen, which was always very high. Its freedom from dc*- 
conlposable organic matter was shown by its high residual dissolved oxygen 
content after five days of storage — a figure which generally (exceeded the 
original oxygen content of the water of the Waihi. Here, again, the 
analytical figures showing high contamination did not always occur at times 
of low stream levels — indised, at the record low level on 4th April the only 
abnormal feature was a high (content of saline matter. 

It is not surprising that such a highly oxygenated water suffered vc*ry 
little in quality from the dairy drainage it received (see Tables III and IV). 
The increases in total solids content are scarcely significant, while the ammonia 
contents of the water below the inflow do not exceed those for the Waihi 
♦Stream above the inflow of dairy factory drainagt*. The only chemical 
determination which gave any indication comparable with the bacteriological 
tests was the value for biochemical oxygen demand. The results for the 
Waingongoro Stream would indicate that dairy drainage, properly free of 
fat and gross solids and containing no whey (as was the case), is practically 
harmless and undetectable in a well-oxygenated stream of reasonable size. 

RESEARCH DURING 1940-41 

The results detailed above cannot be accepted as giving a satisfactory 
picture of the effect of dairy drainage on natural waters, for the following 
reasons : — 

(1) Only two streams were investigated, and these were of the two extreme 

types. 

(2) The streams were sampled only at two places, and always at the same 

times, and the results therefore are not representative of the 
average quality during the period of discharge of drainage. 

(3) No attempt was made to trace the drainage downstream and to find 

where its effect on the composition of the water in the stream 
ceased to be evident. 
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The work undertaken in 1940-41 was designed to cover these deficiencies. 
Four streams were investigated, viz. : — 

(а) The Waihi. 

(б) The Tawhiti, a small stream by most standards hut considerably 

larger than the Waihi. 

(c) The Kajmni River. 

(d) The Kaupokonui Riv(*r. 

These four streams represent all tyf)es common in Taranaki, ranging 
from the smallest, where contamination with dairy effluent is obvious to 
sight and smell, to the largest, where the contamination is so slight as 
scarcely to affect the analytical results. 

The following general procedure was adopted : — 

(1) Each selected stream was first “ surveyed ” by a number of field 

tests for dissolved oxygen until a point was established down- 
stream where the composition had returned to normal. 

(2) On subsequent dates throughout Decimiber, January, and February 

the streams were sampled regularly, generally once each half- 
hour throughout the working day of the factory, at this point 
and also above the discharge point. Intermediate jioints were 
also selected on occasions. 

(3) The same tests were conijileted upon each sanijile as in the 1939-40 

schedule, but immediate dissolved oxygen tests were made m the 
field, and the tests for oxygen absorjition from permanganate were 
for three minutes’ heating at 100° c. instead of for four hours at 
70° c. The former results are again expressed as ])arts per 
million, and the latter as parts per hundred thousand. 

(4) Observations were made on temperatures of air and water : and data 

were collected on volume of stream flow and of drainage so that 
variations could be studied. 


(a) The W^aihi Stream 

This stream was included again as it was thought that the persistence of 
the effect of drainage discharge into such a small stream would represent a 
maximum. The results of the first survey, made on 16th December (see 
Table V), show that there was a marked contamination down-stream for 


Tablic V. — Resclts of Analyses ok Samples of Water from Waihi Stream at 
VARIOUS Distances below Factory DRAiNAfjE Outflow 

(Samples taken in fine weather following continued dry spell ; shade air temperature, 72 f.) 


Sample No. 


Distance from 
Factory Drniiiaije 
Outflow. 


(>2 al>f‘nrl»eti from 
Permanganate 
in Three Minutes 
at 100 c. (Parts 
I j)er 100.000). 


Dissolved Oj i)er 10*. 


Immediate. 


After Five 
Da.vs at 70“ F, 


I 

o 

3 

4 

5 
0 

7 

8 
9 

10 


Above drainage 
100 yards below 
350 yards below 
700 yards below 
1 mile below 
If miles below 
2J miles below 
34 miles below 

3t miles below (above race) . . 
3} miles below (below waterfall) 


0- 49 

1- 28 
112 
lot) 
0-80 
0-94 
0-46 
0-42 
0-40 
0*37 


6-7 

40 

3 7 

Nil 

20 

Nil 

1-4 

01 

1*4 

0-1 

24 

0-2 

5-2 

0-4 

t5-3 

5-7 

«*4 

6*2 

8-2 

6-4 
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about 2i miles. Thereafter improvement was rapid, and from theSj-mile 
point onward the water had returned to a quality equal to that above the 
factory drainage outflow, as confirmed by the more detailed analyses of 
samples 1 and 9 given in Table VI : — 


Table VI. — Detailed Analyses of Samit-es 1 and 9 (Table V) 


Analytical Test. 


Sample No. 1 : 
Above Factory. 


Sample No. }) ; 
Miles 

below Factory, 


Agar count per millilitre . . 

Gelatine count per millilitre 
Total solids per 10® 

N 2 as free and saline ammonia per 10® 

Nj as albuminoid ammonia per 10® 

Og absorbed from permanganate in three minutes at 
100 c. per 10® 

Dissolved O 2 per 1(F‘ — 

(1) Immediate 

(2) After one day at 70 r. 

(3) After two days at 70 f. 

(4) After five days at 70“ F. 


1,250 
fi.lOO 
17-48 
0-0088 
0 025fi 
0-49 


fi-7 

0-4 

5-9 

4-0 


2,720 

9,880 

13-21 

0-0095 

0-0284 

0-40 


0-8 
fi-fi 
fi-5 
fi 2 


A second survey, on 17th December, under similar weather conditions 
confirmed that the contamination remained evident for a distance of 2 miles, 
that recovery was then rapid, and was jiractically complete at 3 miles from 
the outflow. 

The Waihi receives waters from several small tributary streams at various 
distances below the factory. They are all very small, with flows not exceeding 
7 gallons per second, and all come from hillside soakages or small springs. 

Results for the waters of these tributaries are given in Table Vll - 


Table VII. — Analvtk^al Values for Waters of TRiBrTARiE.s of W’aiiii Stream, 

17Ta December 


Tributary 

No. 

1 

DiHtance below Factory. 

() 2 absorbed from 
PermuiiKaiiate iu 
Three Miutitea 
at 100" (\ 
(Parts per 100,000). 

Disaolved Oa per 10*. 

Immediate. 

After Five 
Days at 70" r. 

1 

900 yards . . 

0-64 

8-4 

2-8 

2 

1 i miles 

0-20 

8-9 

6-4 

3 

l| miles 

0-09 

6-9 

4-9 

4 

2i miles 

0-39 

7-6 

1 

6-7 


There was evidently some organic matter in tributaries 1 and 3. The 
other two were much purer than the original Waihi. All tributaries were 
well oxygenated and, except for No. 1, held their oxygen well on storage. 
These contributing streams would certainly reduce the time and distance of 
recovery of the main stream. 

Results of further surveys, made on 20th December and 25th January, 
are given in Table VIII. On 20th December the weather was still fine 
and warm with a shade and water temperature of 69® F. The stream was 
very discoloured with drainage, and there was a foul odour around the 
outfall and to about 600 yards below it. The 25th January was a fine clear 
day after overnight rain, air temperature 73® F., water temperature 69® f. 
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The effects of the factory drainage did not extend so far down-stream as 
usual, probably due to the overnight rain, which had swelled the flow to 
about 48 gallons per second. 


Table YlII. — R esults of Analy ses of Waters from Waihi Stream, 20th I)e(’kmber 

AND 25th January 




O 3 ahRorbed from 


JliRsoIvod Oj i)or 10*’. 




PtTTnanjjanate In 







Throe Miniit or 





Sam[»U* No. 

Distanro from 
Factory Drainage 

at KMr 0 

( Parts per KMLOOO). 

Imrnodiato. 

After 
Days at 

Five 

70 F. 


Outflow . 








20th 

2.'*th 

20tb 

2 Mb 

20tb 

2.">t ll 



Docombri. 

Jamiarv 

Jlocomboi 

.Liiuiarv 

l)oo«*ml)or 

January. 

1 

Abovu 

0*42 

0-49 

6-9 

6-5 

4-4 

5*5 

2 

1(K) yards below. . 

0-7S 

0-70 

4-0 

21 

Nil 

Nil 

3 

600 yards below . . 

0-83 

0-80 

0-7 

1 *2 

Nil 

Nil 

4 

1 mile below 

0-42 

0-70 

! *4 

31 

0 1 

0-8 

i 

2 miles below 

0-62 

0*58 

2 6 

3-4 

0-2 

1 6 

(> 

2| miles bebiw . . 

0-40 

0-52 

4-5 

4 1 

3-2 

3-9 

7 

3| miles below . . 

0*39 

0-41 

6-3 

(i 0 

4-7 

4-9 


The analyses show, however, that contamination was still present two 
miles down-stream from the point of drainage discharge. Th(‘ results in 
Table IX shoYv that the water had returned to normal at 3i miles below the 
outfall. 


Tabi.e IX. — Detailed Analyses (►f Samples 1 and 7 (Table Waihi Stream,. 

25th January 


Test. 

Sami»le No 1 
Above DrainaKc 

Saiiii»lc No 7 
lij Miles below 


Outflow . 

Dramajie Outflow'. 

Agar count, per millilitre 

1 ,800 

3.700 

Clelatine count, })er millilitre 

2,300 

6,900 

doliforrii test (limit) 

+ i\» 

+ lb ,1, 

Total solids per 10'' 

19 ()0 

20 0 

N 2 as free and saline ammonia jier 10'’ 

0tMl71 

0-(MI83 

Ng as albuminoid ammonia per 10^ 

0-0242 1 

0 0256 

(>2 absorbed from ])ermanganate in three minutes at 

0-49 i 

0-41 

100 c. per lO '* 

Dissolved oxygen per 10“ — 

(1) Immediate 

1 

(>•5 

60 

(2) After one day at 70 f. 

6-0 

5-9 

(3) After two days at 70 ’ f. 

5-9 

5-7 

(4) After seven days at 70^^* F. . . 

5-5 

4-9 


Relationship of Volume of Drainage to Flow of Waihi Stream 

During the month of December the factory draining into the Waihi 
manufactured, on the average, 7,250 lb. of cheese daily and 5,740 lb. of 
creamery and whey butter. Allowing drainage for these at rates previously 
found(l) per pound of cheese and butter — viz., 0-84 gallons per pound of 
cheese and 1*0() gallons per pound of butter— with due regard to output, we 
arrive at 11,838 gallons of drainage daily from the factory. This drainage 
would all be discharged between the hours of 7 a.m. and 4 p.m., these being 
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approximately the times between which the volume figures were established. 
On the dates of observation the fiow of the Waihi above the drainage influent 
averaged about 35 gallons per second, which for nine hours equals 1,134, (XX) 
gallons of water, into which 11,838 gallons of drainage flowed. The dilution 
was thus 1 in 100 during the nine hours of flow and 1 in 267 over the twenty- 
four hours. Below the drainage outlet, small tributary streams of reasonable 
quality gave still further dilution, but even at 3J mihs the total flow did 
not exceed 60 gallons per second — i.e,, a dilution of 1 in 452 in twenty-four 
hours. Such a comparatively low rate of dilution would exj)lain the per- 
sistence of the contaminating effect for approximately 3 miles down-stream. 


(b) The Tawhiti Stream 

The Tawhiti is mainly swamp fed, it is comparatively slow flowing, and 
is populated by eels but not by trout. It receives drainage from two cheese 
factories of approximately 3(X) tons and 1,0(X) tons annual ])roduction 
situated within 4 miles of each other. It is generally regarded as being of 
reasonable quality below the second factory (where it was studi(Kl) and is 
used for the watering of stock. It was first surveyed on 29th and 3()th 
December. On 29th December the early afternoon air tem})erature was 
78° F., water temperature 74° F. The results are given in Table X. Point 
A was at the overflow from a drain maintained near the factory. Point B 
was the water from the same drain after passing through a mill race* and 
water-wheel. A third overflow from the drain joined the stream above the 
point where sanif)le 7 was taken. Visible effects of tlu* drainage were 
evident over a much shorter distance than in the Waihi. The dissolved 
oxygen content became gradually lower up to the sampling point 7 at 1,(KX) 


Table N. — Analytical Results for Waters of Tawhiti Ri\er, 29th .\ni> 30th 

December 


Sample 

No. 

Distance from 
Factory l)rainu«c 
Outflow . 

Flow, 

(Jallons/ 

Secondh, 

2»th 

Decenilier 

OjabHorlied from 
PermanKaiiate in 
Thr(*e Minuter at 
KMF (’. (PartH 
l»pr I(M),000) 

DiHsoIve«l 0 

j per 10“ 

ve l)a\s 

0 ’ F. 

1 lumediate. 

Aftei F 
nt 

2»th 

December. 

30th 

December. 

20th 

December. 

30th 

December. 

2»th 

Decern b(T 

3inh 

Decern bt‘r. 

1 

Above A 

30 

(»-33 


8’4 


5-8 


2 

Above B 

40 

0-41 


9-2 


7-5 


3 

Ex-drain 


, , 

0-41 


8-7 



4 

Overflow of race 



0-31 


91 


fl-8 

5 

260 yards below . . 

85 

0-38 

0-65 

fl-7 

5-4 

2-0 

Nil 

6 

flOO yards below. . 

90 

0-36 

0-46 

3-7 

5-5 

0-3 

Nil 

7 

IjCKK) yards below 

90 

0*42 

0-39 

l-fl 

50 

0-2 

Nil 

8 

1 mile below 

90 

0-33 

0-34 

3-2 

50 

1*2 

Nil 

9 

li miles below .. 

93 

0-55 

0-41 

41 

0-3 

0-6 

51 


yards, but had risen again in sample 8 at I mile from the outlet. The results 
for “ oxygen absorbed ” and for B.O.D. for the waters below the 1-mile 
sampling point show a certain amount of irregularity, probably due to the 
fact that the stream spreads out into a flat swampy area and does not flow 
between banks. There were also disturbances of sediment from the bottom 
of the stream on 29th December caused by fishing operations by local Maoris. 
These disturbances did not occur on 30th December. 
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A full analysis of five samples is given in Table XI : — 


Taijlk Xr. — A nalytical Resclts for Samples of Tawhiti Stream taken on 29th 

AND 30th Decemjjer 


A iialy t leal J Mrrnuna t h >n 


Agar fount poi- millilitre 
Gelatine count per millilitre 
(\jliforni test, limit 
Total solids jier KU' 

N 2 as free and saline NH ^ per 10^ 
Ng as albuminoid NH 3 per lO-''* . . 
(>2 absorbed from KMnOj at lOO (\ 
j)er 10' 

Dissolved Oo jier 10^' — 

(1) Immediate 

(2) One day at 70 f. 

(3) Two days at 70 f. 

(4) Fne days at 70' F. 


No 1 : 
EX‘(lruin, 
29tli 

I)m*inber 


8 4 
7 2 
0-5 

r )*8 


No. 2 
2(M) Yards 
I>elow 
Outlet, 
2«t!i 

Deeeiiibei 


0 7 
5-1 
3*2 
2-0 


No. :i . 
li Miles 
below 
Outlet, 
2t)th 

December. 


1 1 ,000 
33,000 

20 0 
0*028 
0*030 
0*05 


4 I 
2 9 
0*1 
Nil 


No. 4 . 
Above 
Outlet. 
:i0th 

December 


10,300 

28,400 

+ 1^(1 

17*9 

0*(K)9 

0*010 

0*31 


9 1 
7*9 
7 2 
3 1 


No : 
11 Miles 
l)elow 
Outl«‘t. 
.‘iOth 

Det ember. 


9,200 

20,000 

-f i\.- 

20*5 

0*030 

0*025 

()*4I 


0*3 
4 9 
3*8 
3*0 


14,5(M) 
39,000 
+ in 
17*52 
0*009 
0*018 
0*33 


285, 0(M) 
820,000 

4 iiyWo 

21 2 
0*015 
0*120 
0*38 


Nos, J, 2, and 3 were taken at the points indicated in the early afternoon. 
Sarnjiles Nos. 4 and 5 were corn})osite samples taken at half-hourly intervals 
at fioints above tlu* factory and miles below the outfall respectively. 
Water No. 1 jiasses through a local awimming-jiool and is ap[)arently of 
ace(‘f)table quality. Water No. 2 is used freely for watering stock. Exce])t 
for its lowered content of dissolved oxygen, it is comjiarable in every way 
with No. 1 .sample and lower than it in bacterial count. Samples Nos. 4 
and 5 wen* composites taken at half-hourly intervals at points above the 
factory and at 1| miles below the outfall respectively. The results indicate 
that the Tawhiti had recovered in IJ miles from the effects of the dairy 
effluent. 

Composite samples were again taken on 3rd, loth, and 17th January. 
The results are given in Table XTI. The sample taken on 3rd January 
showed a deterioration in quality at miles for which no explanation can 
be offered, but the samples for the other two days sujijiort the view^ that in 
this stream the effect of the dairy effluent does not persist beyond 1^ miles. 
At 1 mile the effluent could not be detected by any visual examination, but 
its effect was evident from the destruction of dissolved oxygen over five 
days. Des])ite the effect of the swampy area above mentioned, the water 
at 1 1 miles showed a recovery to the original bacterial quality of the Tawhiti. 
The water in the stream below the factory did not, however, reproduce at 
any point surveyed the highly oxygenated condition of the water above the 
drain. 

By comparison with Table I, the analysis of the water of the Tawhiti 
at 1| miles below the factory can be seen to be comparable with the analysis 
of the water of the Waihi above the point of entry of factory drainage and 
superior to it on a number of occasions. 
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Relationsldp of Volume of Draimige to Flotr of Tawhiti Stream 

The factory discharging drainage into th(». Tawhiti was producing at the 
time of the survey about 9,1601b. of cheese daily. Its effluent had already 
been measured as 0-26 gallons per pound of chee8e(l), equivalent to a total 
•of 2,382 gallons daily. The flow of the Tawhiti measured at a number of 
points below the factory was found to be 90 gallons per second, with practically 
no increase even at 1 mile below. The dilution, therefore, was 1 in 1 ,224 over 
nine hours, or 1 in 3,265 over twenty-four hours. At such a dilution the 
water could be expected to purify to a satisfactory quality within 1^ miles, 
even with the limited aeration given by the nature of the Tawhiti flow. 


(c) The Kaplini River 

The Kapuni is a stream with very ra})id and shallow flow. In })laces it 
is over J(K)ft. wide, but it fills its stony bed only in parts. It is protected 
from stock in its upper reaches, Avhere it is th(‘ source of the public water 
supply for the town of Hawera. After jiassing through farm lands it serves 
as a source of the jiublic suf)[)ly for the township of Manaia. Immediately 
afterwards it receives the drainage from a 45()-ton cheest^ factory. It was 
sampled at the Manaia suf)ply intak(‘ and below the outflow from the cheese 
factory. This locality is about 10 miles nearer Mount Kgmont than the 
jiortion of the Tawhiti (examined, and consequently the flow of water was 
more rapid. 

The first examination was made on nth January, 1941, during fine and 
warm weather, with air temjierature 77 ' f. and water temperature 73"" f. 
The factory drainage was being discharged into a side stream about 5 ft. 
w’ide and I ft. deep, close to one bank of the main river bed. About 50 yards 
below the outfall a second branch stream about 10 ft. wide and 9 in. deep 
joins the drainage flow, and at about another 50 yards lower the main 
stream joins in. At this ])oint the river flow is about 20 ft. wide, has an 
average depth of 9 in., and a rate of almut 3 ft. jier second. Conditions 
here apjieared very good. Th(*re was no discoloration or smell, and only 
occasionally could a fleck of solid dairy waste matter be seen passing. The 
stones of the hvd w(‘re covered with green alga*, and there was a complete 
abs<*nce of the grey fungus so diagnostic of a contaminated water. The 
results in Table XIII indicate the quality of the water at various jioints 
along the stream. 


Tablk Xlir. — Results of Examination of Waters of Kapuni River, 5th January 



O . .‘ibKorbiHl from 

l)i«<sol\o(l () 2 per 1U^ 

Saii»i)lo. 

PrriiiaiiiLianatr ni 
Throe Miniitos 
at KMUc. 

1 

Jiiimodiato. 

After Five Days 
at 70"' F. 

{!) River above intake for Manaia 

005 

9-0 

8-0 

public supply 




(2) Side stream receiving drainage above 

outfall 

(3) Side stream, 50 yards below outfall 

0 09 

8-4 

7-4 

012 

8-4 

0-0 

(4) Tributary side stream B 

005 

8-7 

7-9 

<5) Main stream before joining flow 

0 04 

9-3 

8-0 

containing drainage 




<6) Main stream after junction 

005 

8-8 

1 

7-4 
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From these figures it appeared that the effect of the drainage upon the 
quality of the Kapuni was marked only in the small side stream. This is 
confirmed by the results of full analyses shown in Table XIV. 


Tabljc XIV. — Full Analyses of Waters of Kapuni River, taken at 3 p.m. 
(5th January) nuRiNo the Hkkuit of Flow of Afternoon Factory Drainage 


Test 


Sttin])le 1 : 
River alH)ve 
Mnnafn Public 
Supply intake. 


Sample i! : 
Full River, about 
lOU Yards below 
Sewajie Outfall. 


Agar fount per millilitre . . 

Gelatine count per millilitn* 

Coliform test (limit) 

Total solids per lO* 

No as free and saline NH 3 per 10’* 

Ng as albuminoid NH 3 per 10 ’* 

O2 absorbed from permanganate in three minutes at 
100 (\ per 10^* 

Dissolved oxygen per 10*' — 

(1) Immediate 

( 2 ) After one day 

(3) After two days 

(4) After five days 


11,400 

17,200 

72,400 

00,400 


4 111 ^ 

llOfi 

10-08 

O-OKH) 

0-0180 

0-0132 

0-0171 

0-05 

0-0.5 

0-0 

8-8 

S-2 

7-0 

8-1 

7-2 

7-1 

5-7 


Bacterial counts were of the same order above and below : there were no 
significant changes in content of total solids or of “ organic matter " as 
indicated by the jiermanganate test, there was a moderate increase in the 
ammonia figures, and also a jierceptible influence upon the absorption of 
dissolved oxygen. Although the sample analysed was a single sanqile taken 
at the time of the maximum afternoon flow, the results show that the Kapuni 
after receiving the dairy drainage was better in quality^ than the Waihi anil 
Tawhiti before receiving the factory drainage. 

The Kapuni was investigated at length on 8th January during continued 
fine weather. Samples were taken at half-hourly intervals all day at the 
first point of complete mixing in the full stream. The lowest value found 
for dissolved-oxygen content was 9-10 p.p.m. at 3.30 }).m., while the highest 
value above the outfall was 10*3 p.p.m. Farther down-stream immediate 
increases in dissolved-oxygen content were found, due to the jiresence of 
rapids not far below (compare the decreases in dissolved-oxygen content 
with distance in both the Waihi and the Tawhiti). Thus, 200 yards farther 
downstream, values of 10*6 p.}).m. for dissolved oxygen persisted all day, 
while another 100 yards farther the value stood constant at 11*0 p.p.m. 
Evidently dairy waste matter was being rapidly oxidized within 200 yards^ 
of the first point of complete mixing with the main stream. 

Two composite samples were collected at half-hourly intervals between 
9.30 a.m. and 3.30 p.m. (see Table XV). 
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Table XV. — Detailed Analysis for (Composite Samples of the Kapuni Kiver : 
Samples taken 9.30 a.m. to 3.30 p.m. 


T<‘st. 

Sam])lf 1 : 
KaiMini Kiver 
al>o\e Druiiiai^e, 

1 Sth .laniiarv . 

1 

Sample 2 : 
KuiJuni Kiver 
KM) Vardn below 
Drainage Outfall. 

Agar count per millilitre . . 

1 3,240 

13,250 

<Telatine count per millilitre . . . . . . 

Liquefied and 
nn countable 

Liquefi(*d and 
uncountable 

Uoliform test (limit) 

-1 111 1 

+ 1170 

1 10-98 

Total solids per 10 * 

11-00 

Nitrogen as free and saline ammonia |»er in'* 

0-0003 

0-(M)70 

Nitrogen as albuminoid ammonia per 10'* 

0-009.5 

0-0154 

Oxygen absorbed from jiermanganate at c. per lO^ 

Dissolved oxygen, p.p.m. — 

0-04 

0-07 

( 1 ) Immediate 

ln-3 

9-9 

(2) One day at 70 f. . . 

S-l 

0-7 

(3) Two days 

7-1 

.5-9 

(4) Five days . . . . . . . . . . 

4-9 

1 

4-3 


This test showed a definite effect of the drainage, hut nevertheless indi- 
<*ated a water of reasonable quality, quite fit for cattle drinking, and stable 
on keejiing. Possibly the high gelatine count and abnormal coliform titre of 
the original water ])revented the stream from making the sujierior recovery 
noted oil oth January, but evidently the distance from the outfall was too 
short in which to expect complete recovery. 

On *20th January, therefore, composite samples were again taken from the 
Kajmni at the same two ])laces as before, and also at a ]>oint about 3(K) yards 
below the second (see Table XVI). The weather was cool and dull and the 
river was slightly discoloured and rising after h(‘a\'y rain on the ])revious 
night. Subsequent to the last sampling, between lUth to Pith January 
heavy rain had caused floods, which no doubt had the effect of cleaning out 
the bed of the stn*ani. 


Table .WI. — Fi^rthkr Detailed Analyses of Waters irom Kapcm Stream, 

2nTH .Unfarv 


Test. 

Sample 1 : 
AlM>ve l)nunage. 


Sample ’ 

400 Yanis 
]>el()w Outfall. 

Agar count per millilitre 

.5,8tMl 

18,590 

0,1(M) 

Gelatine count per millilitre 

19.200 

05, (MM) 

24.2(H, 

Coliform test (limit) 

-f 17, 


4 ui 

Total solids per 10 '* 

11-48 

11 •r)4 

11-40 

Nitrogen as free and saline ammonia 

0-0128 

0-0184 

0-0140 

per 105 

Nitrogen as albuminoid ammonia jier 
105 

Oxygen absorbed from i)erinanganate 

0-0098 

1 

0-01 90 

0-0108 

j 0-00 i 

0-09 

0-05 

at 100'^’ 0. per lO^ 

Dissolved oxygen per 10 — 

(1) Immediate .. 

10-4 

10-0 

10-5 

(2) One day at 70^ F. 

9-3 

0-8 

9-0 

(3) Two days 

S-4 i 

4-4 

8-8 

(4) Five days 

1 

7-7 j 

1-2 

8-3 


The tests showed that at 100 yards below the outfall recovery w’as 
definitely not complete, though the quality of the water was reasonabh*, 
but that 400 yards below the outfall the quality of the Kapuni had returned 
to its original. 
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Another set of samples was taken on 8th February in overcast weather. 
There had been rain on Mount Egmont and the river was 'much higher than 
on previous days. It was also discoloured and running more rapidly. 

On this occasion sample 3 was collected about .5(K) yards below the outfall 
and below a shallow where some cattle came once during the day to drink. 
Even with this disturbance the analysis was not badly affected and showed 
a completely recovered water at the greater distance. 

Relationship of Volume of Drainage to Volume of Flow of Kapurti River 

The Kapuni is a fast-flowing stream, fed directly from the snows of 
Mount Egmont, and possessing a marked fall at the point where sampled. 
It is therefore very variable in flow, being responsive to weather changes 
and local rain on Mount Egmont. On 5th January, measurements gave a 
flow of about 410 gallons ])er second : on 8th January, 390 gallons ; on 
20th .January, 470 gallons ; and 8th February, in two different places, 
730 gallons and 750 gallons })er second. 

The factory whose drainage ran into the Kapuni had been studied 
previously and gave 0*9 gallons drainage per pound of cheese, with an average 
output of 4,047 lb. of cheese daily for the month of January. Thus a})proxi- 
mately 3,640 gallons of drainage daily were being run into the Kapuni 
during the usual hours of 7 a.m. to 4 j).m. Taking the flow of the Kapuni 
as about 400 gallons jier second, rising to 740 gallons per second, the dilutions 
lie between 1 in 3,560 and 1 in 6,587 for the nine-hour period, or 1 in 9,494 
and 1 in 17,564 for the twenty-four-hour jieriod, according to the state of 
the river. 

Since at the lowest dilution observed, on 8th .January , the river had 
satisfactorily recovered within 400 yards, the dilution of 1 in 3,560 can be 
cited as one which enables a well-oxygenated riv(‘r to purify to its original 
quality within 4(K) yards. 

(d) The Kaupokonui River 

The Kaupokoiiui, South Taranaki’s largest river, rises on Mount Egmont 
from a snow-filled gorge within a short distance of the source of the Kapuni. 
When only about 6 miles clear of the mountain reserve it n^ceives the drainage 
from two cheese factories (total output, approximately 800 tons) within 
about 300 yards of each other. - 

The first survey was made on 16th .January in fine weather, with air 
temperature 68° F. and water temperature 63° f. The river was very low 
at the time. The samples were taken at a time when there was visible 
discoloration from the mid -afternoon flow of drainage. The results of a 
preliminary examination of five samples are given in Table XVII, and a full 
analysis of three of the samples in Table XVIII. Sam])les 2 and 3 are shown 

Table XVII. — Preliminary Examination of Water op KAUPOKONm River, 

16th .Tani'ary 


DlHHolvPd Oxygen. 


PoHitlon from which Sample taken. 

Immediate. 

After Five Daya 
at 70® F. 

(1) Above botli fac tories . . . . . . . . 

10-6 

8-2 

(2) 50 yards below outfall of No. 1 factory . . . . i 

no 

7-0 

(3) 200 yards below outfall of No. 1 factory 

111 

7-8 

(4) 50 yards below outfall of No. 2 factory . . 

11*3 

5-6 

(6) 200 yards below outfall of No. 2 factory 

n-3 

61 
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Table XVTII, — Full Anai.ysks of Samflks L 2, anh 3 


Tost. 

1 

Sample 1 : 
Kaiipokonui 
River above 
Faetory A. 

Saiiipl(‘ 2 ; 

50 Yards l)elow' 
Faetury A. 

1 Sample H : 

200 Y'ards below 
j Faetory U. 

Agar count per millilitre 

1,300 

4,r»oo 

3,9(Mj 

Gelatine count jjer millilitre 

2,3(X) 

3.9(M) 

4,000 

Coliform test (limit) 

in 1 ml. 

'1 >« i(b. 

4- in JO 

Total solids per 10® 

8-90 

8-88 

8-94 

Nitrogen as free and saline ammonia 

0-tK)r>.5 

0-0053 

0-0052 

yier 10® 




Nitrogen as albutninoid ammonia per 

0-0111 

001 12 

0 0117 

10® 




Oxygen absorhefl from ])crmanganate 

0-01 

OOl 

0-01 

at 100 (\ per 10® 




Dissolved oxygen, ]j.]).nL — 




( 1 ) Immediate . 

lo-o 

110 

11-3 

(2) One day at 70 F. 

9-7 

9-8 

9-0 

(3) Two days 

9 2 

8-1) 

8-0 

(4) Five days 

8-2 

7-0 

0-1 


to be slightly inferior in quality to sample 1, but th(\y are still waters of 
reasonable chemical ])urity superior to most shallow-well waters and streams 
in stocked areas. Satisfactory recovery ap}M*ars thus to have taken place 
within 50 yards of factory A and within 200 yards of factory B. Further 
investigations on 27th January and 1st February confirmed this (see Table 
XIX), and showed that at a ])oint 2(K) yards below the ])lace where samyde 3 
(Table XIX) was taken the eflect of the drainage had practically disapjieared. 
Light rain fell at intervals during the time of samyding on 27th January, 
and some slight deterioration of the quality of samph's 2 and 3 could be 
expected on account of the access of surface^ drainage from a road. 


Table XIX. —Analysis of Composite Samplings of KAUPOKONin River: Average 
Kesclts for 27th .Iam ary \ni) 1st FKimuARY 




SHinple 1 
AImac Fart<)r> A. 


•2(H> Yards luduw 
Fartorv B 


Saiiiplo • 
400 Vanl^ below 
Factory IL 


Agar count per millilitre 

1,850 

4.280 

2.500 

Gelatipe count per millilitre 

79,00(» 

199,2(iO 

I06,0tM) 

Coliform test (limit) 

+ in 1 

4 i'(. 

-}- in j^o 

Total solids per 10® 

8-65 

8 64 

8-60 

Nitrogen as free and saline ammonia 

0-0058 

0-0114 

0-0066 

per 10® 




Nitrogen as albuminoid ammonia yier 

0-0075 

9-0089 

0-008^ 

10® 




Oxygen absorbed from yiermanganate 

0-01 

0-01 

O-OI 

at 100" c. yjer 10-® 

Dissolved oxygen, p.p.m. — 

(1) Immediate .. 




9-7 

9-4 

9-4 

(2) One day at 70^ f. 

8-9 

7-4 

8-4 

(3) Two days 

8-6 

6-7 

7-4 

(4) Five days 

8-0 

6-0 

6-9 


The only time when the quality of the Kauyiokonui seemed to be clearly 
lower at 400 yards below factory B than at above A occurred on 23rd February, 
when the river was at its record low level. Stones never before observed 
were now uncovered, and these were found, at the 2(K) yards point, coated 
with a brownish slime containing small white particles underneath. There 
was, however, no active decomposition going on, and no putrid smell associated 
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with the deposit. In a small backwater freely lined by this deposit, in which 
mosquito larvee were breeding, the dissolved oxygen content was 9*1 p.p.m., 
a figure high enough to prove absence of bacterial putrefaction. In any case, 
there was plenty of green algae about, and trout of various sizes were observed. 
This coating on the stones was traced all the way to the factory, but did not 
persist much beyond the 200 yards mark, and could not be found at the 400 
yards mark. Three composite samples were analysed in full at this time of 
maximum apparent effect of the drainage (Table XX). 

Table XX. — Composite Samples from Kaupokonut River at Record Low Level, 

23rd Fbbrijarv 


Test. 


Agar count per millilitre 
Gelatine count per millilitre 
Coliform test (limit) 

I’otal solids per 10^ 

Nitrogen as free and saline ammonia 
per 10® 

Nitrogen as albuminoid ammonia per 
10 ® 

Oxygen absorbed from permanganate* 
at 100” c. per 10® 

Dissolved oxygen, p.p.m. — 

(1) Immediate . . 

(2) One day at 70” F. 

(3) Two days at 70 f. . . 

(4) Five days at 70‘ r. . . 

Samples 2 and 3 were definitely inferior to sample 1 , but were not heavily 
contaminated. Even the bacterial pojmlations were not exc*es.sive, not- 
withstanding the fact that visible discoloration from the dairy wastes was 
evident at intervals during the day. The improvement in the 200 yards of 
river between sampling points 2 and 3 was very marked, indicating that in 
only a moderate extra distance the process would be complete, desjiite the 
condition of the river at the time of the survey — viz., minimum dilution for 
the drainage and slower flow of water. 

Relationship of Volume of Drainage to Volume of Flow of Kanpokonui River 

Like the Kapuni, the Kaupokonui has a stee]) fall, and is quickly affected 
by weather fluctuations on Mount Egmont, many of which do not affect the 
general weather of the province. In its higher reaches, therefore, it rises 
or falls in volume almost daily. Measurements of its flow gave 625 gallons 
per second on 16th January, 850 gallons on 27th January, and 640 gallons 
on 1st February. During that month the normal manufacture of factory A 
was apjiroxiniately 3,500 lb. of cheese and 800 lb. butter, while factory B 
produced 4,080 lb. cheese daily. Allowing 0*9 gallons of drainage per pound 
of cheese and 1*3 gallons per pound of butter, as already established for 
small pasteurizing factories, the total daily drainage was approximately 
7,862 gallons from both factories. This volume entering the river (7 a.m. 
to 4 p.m.), flowing at 625 gallons per second during nine hours (7 a.m. to 
4 p.m.), is diluted 1 in 2,576, or 1 in 6,869 f^or the twenty-four-hour period. 
For a flow of 850 gallons per second, the dilution figure would be 1 in 3,502 
for nine hours and 1 in 9,342, for twenty-four hours. 

These dilutions are thus not so high as those for the Kapuni Kiver, 
notwithstanding the fact that recovery of the Kaupokonui appeared more 
rapid. Comparison, however, is hardly logical. The Kapuni received its 


Sample 1 : 
Above Factory A. 

Saiiit>le 2 : 

200 YarclH b(‘low 
Factory R. 

Sanijile 3 : 

400 Yards l.elow 
Factory B. 

1,920 

4,. 500 

2,380 

2,200 

.5,. 500 

5,320 

+ in 1 

H 10.. 

1 in 

10*9.5 

11*10 

11*00 

0(K)70 

0*0089 

0*0080 

0*0112 

0*010.5 

0*0120 

0*01 

0*10 

0*08 

90 

9*4 

9*4 

8*0 

7*0 

7*8 

8*4 

0*1 

j ,5*0 

7*5 

31 

i 
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drainage at one point only, and was found to be not seriously affected 200 
yards down-stream, and completely recovered 400 yards below the outfall. 
The Kaupokonui receives drainage from factory A and flows for about 
300 yards before reaching factory B, receiving meanwhile the thorough 
aeration of passage through a hydro-electric power unit. As shown by 
Table XVITI, there is a swift recovery from the effect of drainage from factory 
A. The effect of factory A can therefore be disregarded, in so far as it could 
influence conditions 200 yards to 400 yards below Victory B. If this view- 
point is accepted, the dilutions below factory B would be 1 in 5,515 for 
nine hours and 1 in 14,707 for twenty-four hours, rising to 1 in 7,5CK) for 
nine hours and 1 in 20, (KK) for twenty-four hours. Such figures then do not 
conflict with the findings for tlui Kafmni that a dilution of 1 in 3,560 for a 
nine-hour period is sufficient to enable a well-oxygenated river to ])urify to 
its original quality within 4(K) yards. 

During the record low level in the Kaupokonui on 23rd February the 
r(*covery at 400 yards below factory B was still incomplete. On this day 
the flow was considerably diminished, not so much by a ])roportional decrease 
in the depth of the stream as by a great diminution in its s])(*ed. Measure- 
ments at th(* point of sam])ling showed not more than 140 gallons })er second 
going past. Even on the most favourable basis of consid(‘ring factory B 
alone, the dilution was only 1 in 1,235 for nine hours or 1 in 3,293 for twenty- 
four hours. Failure to })urify within 4(K) yards was thus a confirmation of 
the conclusion already put forward. By comparison with the dilution normally 
obtained in tin* Tawhiti, one might ex})ect that during the low, slow flow 
of the Kau])okonui the dairy drainage might have been detected by analysis 
at almost IJ miles below factory B. The superior oxygenation of the 
Kaupokonui, however, would certainly shorten this distance. 

GENERAL CONCLUSIONS 

The effect of dairy factory drainage on a natural stream is show'll! to be 
<le pendent on the degree of dilution aH’ordenl, on the degree of oxygenation 
of the water as it receives the drainage, and on the amount of oxygenation 
the water receives after the inflow of drainage. With a slow-flowing stream 
of small volume such as the Waihi the effect of the drainage on the wat(‘r may 
persist for 3 miles, but with a ra])id -flowing stream jiutrefaction takes plac(' 
within a very short distance, and the degree of de-oxygenation never falls 
to the danger point for trout. In general, for a well oxygenated stream a 
dilution of 1 in 3,5t)0 over a nine-hour period of discharge is adequate for 
maintenance of r(msonable quality in the water. 

It was found that the classical chemical determinations were not fiarticu- 
larly diagnostic t‘xcept where the original water was also examined and the 
results could be compared. Bacteriological results were invariably niori*. 
sensitive. Of the chemical tests, the absorjition of dissolved oxygen in five 
days (five day biochemical oxygen demand) was the best evidcmce of the 
presence of dairy effluent, even in small concentration. 
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FLUORINE IN NEW ZEALAND SOILS 

By G. D. Gemmell, Soil Survey Division, Department of Scientific and 

Industrial Research 

IMeceit'ed for publicatioriy dth Ih^cember, 1945] 


Summary 

Total fluorine in some New Zealand soils has been determined by a 
colorimetrie method based on the thorium-nitrate - alizarin -sulphonate proceclure 
proposed by Willard and Winter (1933). The figures range from fiS p.p.m., to 
*>40 p.p.m., being of the same order as those reported by workers overseas. 


Introduction 

As there is an apparent relationshij) between low fluorine intake and 
diminished resistance to dental caries, the Nutrition Committee of the 
New Zealand Medical Research Council asked this Division to undertake 
a fluorine survey of the main New Zealand soil types. While it was realized 
that a knowledge of the available fluorine in soils would be more useful 
than total fluorine from the nutritional viewpoint, no record of work in 
this direction was found in the literature, and therefore, in order to comjiare 
figures for the fluorine content of New Zealand soils with results obtained 
overseas, it was decided to determine total fluorine content before proceeding 
further in the investigation. Information on the fluorine content of soils 
of other countries is very meagre. Steinkoenig (1919) examined (‘ight soils, 
while Macintire and Hammond of Tennessei' (1939) and McHargue and 
Hodgkiss of Kentucky (1939) have reported th(*. fluorine content of a few 
soils. 


Determination of Fluorine in Soils 

Fahey (1939) has observed that twenty analytical techniques— gravi- 
metric, volumetric, colorimetric, and nephelometric — for the quantitative 
determination of fluorine were proposed between 1816, when the original 
method by Berzelius appeared, and 1936, when the literature was reviewed 
by Stevens (1936). The lead chlorofluoride method developed by Hoffman 
and Lundell (1929) is widely used in the analysis of materials of relatively 
high fluorine content. However, it was not until the thorium nitrate 
volumetric method was proposed by Willard and Winter (1933) that a 
dependable technique for the determination of minute quantities of fluorine 
was developed. 

In this method the solute fluoride is titrated to thorium fluoride, and 
upon further addition of the thorium nitrate^ a pink “ lake is formed by 
reaction with the alizarin sulphonate indicator. For the present work a 
colorimetric technique involving comparison with standard fluoride solutions 
was considered preferable to direct titration. 

Prerequisites for the determination of the fluorine content of soils are 
(a) fixation of the element and its conversion to compounds that may readily 
be dissolved by digestion, and (b) separation of the element from substances 
which interfere in the determination. Particular stress is laid upon 
preparation of analytical samples, as considerable difficulty has been 
encountered in obtaining representative samples for analyses. 
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From the findings of other workers an<l the results of further studies 
the procedure adopted is as follows : — 

Apparatus 

Pyrex glass and standard Quickfit and Quartz joints are used for the 
distillation unit (Fig. 1). The distillation flask should be treated with 
hot 10 })er cent, sodium hydroxide* before every dete^rmination, in order 
to remove any accumulations of silica which retard the volatilization of 
fluorine. For colorimetric comparison, Nessler tub(*s with fused-on plane 
bottoms are most satisfactory. To minimize local superheating in the* 
flask during the* steam distillation, the use of molten Wood’s metal instead 
of a dir(*ct flame is recommemled. A stirring rod bent to a circle at the 
lower end to he parallel to the bottom of the Nessler tube is suitable for 
mixing the contents of the tube. 


1 




i 







lJ*hofo h(f A J M(’('>oh. 

Fjo. 1. — DiKtillalion unit for <i(‘t(‘riinnntion of 
fhiorme in soil. 


Reagents 

Calcium Hffdroiide t^uspe^ision (Fijraiion Aifenvjf) jirepare a lime 
suspension with a negligible content of fluorides, tin* following technique, 
based on that prescribed by Clifford (1941), is recommended: to 56 g. of 
calcium oxide in a 1 -litre Pyrex beak(*r add approximately 20 ml. of distilled 
water slowly and then add 250 ml. of 60 per cent, perchloric acid slowly with 
stirring. Boil, while passing air or steam to prevent bumiiing, until copious 
fumes are evolved. Add 300 ml. of distilled water and boil as before. 
Repeat four times. Dilute and filter through a sintered glass filter. Pour 
the filtrate slowly into 1 litre of 10 per cent, sodium hydroxide solution 
in a Pyrex beaker and allow the calcium hydroxide jirecipitate to settle. 
Decant the supernatant liquid, filter through sintered glass, and wash 



304 N.Z. Journal op Science and Technology [Jan. 

the precipitate thoroughly with water. From the precipitate make up a 
10 per cent, suspension of calcium oxide in distilled water. Preserve in a 
paraffin-lined glass container. 

Perchloric Acid. — 60 per cent. 

Sodium Alizarin Sulphonate Indicator. — 0*05 per cent, aqueous solution. 

Thorium Nitrate . — 0*002n aqueous solution. 

Buffer Solution (as recommended by Hoskins and Ferris (1936)). — 
Sodium hydroxide - monochloroacetic acid solution at a ratio of 0*5 and 
total concentration of 0*02m in 48 per cent, ethanol solution. 

Standard Fluorine Solution. — Using A.R. sodium fluoride, prepare a 
stock solution of 0*020 per cent, fluorine concentration and preserve in a 
stoppered paraffin-lined container. For use, dilute to 1 p.]).m. It has 
been found that a solution of concentration 1 p.p.m. will keep in a stop])ered 
Pyrex container for at least two months without appreciable* change in 
concentration. 

Phenol phthalein Solution. — 0*5 per cent in 60 ])er cent, ethanol. 

p-Nitro-phenoL — 0*5 per cent, in 60 per cent, ethanol. 

Procedure 

In an agate mortar grind 10 g. of a thoroughly mixed 2-mm. -sieved 
sample of an air-dried soil to pass a 3(K)-mesh sieve and preserve in a stop])en*(l 
container. Weigh a 2 g. charge of the 300-mesh sample into a nickel crucible 
and impregnate with sufficient calcium hydroxide suspension to supply 
about 1 g. of calcium oxide. Evaporate the mixture to dryness on an 
electric hot plate and incinerate for ten minutes at bCK)" v. in an electric 
furnace and then ignite for an hour at 900° v. Cool, transfer the ignited 
mixture to the distillation flask, and rinse the crucible with a small quantity 
of perchloric acid. Wash down the walls of the flask drojiwise with distilled 
water, add three drops of phenol phthalein, introduce a spatula-tip ])ortion 
of A.R. silver sulphate, and add a few glass beads. Insert the drop})ing 
funnel into the flask and connect with the steam supply without allowing 
the entry of any steam. Connect a condenser to the flask and run in from 
the funnel sufficient 60 per cent, perchloric acid to neutralize and 15 ml. 
additional. Immerse the bottom of the flask in a bath of molten Wood’s 
metal which is kept at a temperature of about 200° c. The surface of the 
molten metal should be well below the surface level of the contents of tin* 
flask. When the temperature of the solution-suspension in the flask rises 
to 135° (L, pass in a current of steam sufficient to keep the temperature 
between 135° c. and 140° c. Maintain this temperature by regulating 
the steam supply and collect 200-250 ml. of distillate in a 250 ml. volumetric 
flask and make up to volume. Continue to collect the distillate in approxi- 
mately the same portions until all the fluorine is expelled. As the fluorine 
content of the portions collected diminishes, it will be necessary to concentrate 
the solutions for the determination. To do this, make the solution just 
alkaline to p-nitro-phenol indicator with n/100 sodium hydroxide and 
evaporate on an electric hot plate in a covered platinum or Pyrex vessel 
to the required volume. The acidity of the distillate should not exceed 
0-0005N. 

The fluorine content of each distillate portion is determined as follows : 
transfer an aliquot containing about 10-20 pg. of fluorine to a Nessler tube 
and make up with water to a fixed volume, say, 20 ml. If concentration 
has been necessary, neutralize carefully with n/100 hydrochloric acid to 
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destroy the colour of the })-nitro-phenol. In either case add 0*4 ml. of the 
alizarin sulphate indicator and adjust the pH with n/1(X) sodium hydroxide 
or n/100 hydrochloric acid to the neutral colour of the indicator. Add 
20 ml. of buffer solution. Add carefully, with stirring, sufficient of the 
thorium nitrate solution to give a faint pink colour suitable for colorimetric 
matching and make up to 50 ml. with 48 per ceTit. alcohol solution. With 
another Nessler tube, repeat the ])rocedure, but omit the initial addition 
of the aliquot, then add carefully with stirring sufficient standard 1 p.p.m. 
fluorine solution to give the same depth of colour when made up to 50 ml. 
as that obtained with the aliquot. In this way the approximate fluorine 
content of the aliquot is determined. However, if a series of determinations 
is to be done it is advisable to compile a graph giving the ajiproximate 
interrelation of fluorine content and thorium nitrate required, and the 
above step in each determination is then unm^cessary. Make up four tubes 
for comparison, one with an aliquot of the distillate and the others with 
standard solution in quantities differing by 1 ^ig. so that the middle of the 
range corresponds with the known apjiroximate value. Make all the tubes 
uj) to the fixed volume with water before adding the indicator and the 
buffer solution, &c. The estimation is sensitive to 0*5 ml. of standard 
fluorine solution and its accuracy is thus 2*5 per c(mt. for 20 pg. of fluorine 
and 10 ])er cent, for 5 pg. of fluorine. 


Taulk T. Fi.roitiNK Contknt ok Somk Nkw Zkm.and Soils 


Laboratory 

Nunib«*i. 

Type 

Classification. 

Fluorine 
Content. 
(P I> 111.). 

UfiOA . . 

Motatau clay . . 

Rendzina 

540 

1364a . . 

Te Horo peat . . 

Mellow peat 

384 

1377a . . 

IVIaiinu loam 

Immature red loam 

315 

S99a . . 

Mohaka sandy loam 

Immature podzolic soil from pumice 

291 

24S9a . . 

I’aitupu silt loam 

Recent soil from alluvium 

250 

2143a . . 

Alexandra sandy loam . . 

High-land tussoi k soil 

243 

2147 .. 

Manawatn clay loam 

Recent soil from allu\ lum 

226 

1294a . . 

Ngaundioe gravelly sandy 
silt 

Recent soil from volcanic ash 

220 

826 . . 

Mount Adams clay loam . . 

Semi-mature podzolic soil 

204 

2745 

Sea6eld sdt loam 

Lo>v-land tussock soil 

191 

1323 . . 

Hauraki Plains CTay 

Meadow soil {from estuarine clay) 

165 

1272a . . 

l*aengaroa me<lium sand. . 

Immature podzolic soil from 

pumice 

led 

1526 . . 

Clydevale heavy silt loam 

Low-land tussock soil 

148 

894a . . 

Mairoa silt loam 

S**mi-mature yellow -brown loam 

145 

1577 . . 

Fairfax silt loam 

Tussock soil (transition to yellow 
earth) 

114 

1963a . . 

Horotiu sandy loam 

Immature yt*Ilow - brown loam 

109 

1157a .. 

Kaharoa sand . . 

Sub-mature podztihc soil from 
pumice 

108 

1499a . . 

Waiwera clay . . 

Immature yellow' earth . . 

107 

934a . . 

Morrinsville clay loam . . 

Immature brown granular clay 

107 

1865a .. 

M'aipa clay loam 

Recent soil, meadow phase 

94 

1223a .. 

Tarawora gravel 

Recent soil from volcanic ash 

85 

1871a .. i 

Mangakahia clay loam . . 

Recent soil, meadow phase 

78 

867 

Pinaki coarse sand 

Young podzolic soil from blown 
sand 

68 


Discussion of Results 

These results are of the same order as those reported by workers overseas. 
Steinkoenig (1919), using a modification of Merwm’s method, found an 
average fluorine content of 300 p.p.m. in eight soils with a range from a 
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trace to 1,500 p.p.m. Maclntire and Hammond (1939), using essentially 
the same method as in the present work, reported fluorine contents of 205, 
185, 315, 154, 138, and 488 p.p.m. in soils used for pot experiments. In 
the present work, difficulty was experienced in getting uniformity in duplicate 
determinations, it being not uncommon to get variations of 20 i)er cent, 
and more. Also, it is emphasized that results are for single samples only, 
and are not to be taken as being representative of particular soil types. 
However, the above figures serve to give an indication of the general level 
of total fluorine in New Zealand soils. 

The mechanism by which fluorine limits dental caries is still under 
investigation by workers overseas, and until it is (‘.stablished that fluorine 
in soils is of significance it is proposed to go no further with this investigation. 
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CHEMICAL ANALYSIS OF CLAYS 

PART I.— DETERMINATION OF R^Oj AND ALKALIES 

By J. J. S. CoRNES, Dominion Laboratory, Dejiartmciit of Scientific 
and Industrial Research 

[Hecpivfd for publication y ]ftt November , 19i5\ 

Summary 

(a) In a previous paper(J) the writer described h simplified method of 
<letermining alkalies in siliiiates, in the course of which total R 2 ^^s remains as 
a residue after extraction of alkali sulphates with water. The present paper deals 
with further analysis of this by-product to determine the iioii, titanium, and 
aluminium of the sample. This gives, for many clays, all the additional 
chemical information required for works practice. 

(b) When the clay contains appreciable magnesium, this remains mostly 
in the R^Oa residue, and must be extracted separately by means other than 
water to obtain the true weight of RgOo. 

Intuoduction 

In the Anah/st of August, 1944(1), the author (l(‘scTibed a simplified method 
of determining alkalies m silicates as follows : decom])ose a 1 g sample 
with 4 ml. of 1 : 1 H0SO4 and 8- 10 ml. of HF. Evaporate I0 complete 
dryness, cool, add 2 ml. of 1 : I H2SO4, and fume again to dryness. Heat 
carefully to 9(K) ’ (\ to decompose sulphate's of iron, alumiiiium, and titanium. 
Ticach with water, and transfer the li2^^3 residue to a 7 cm. ])aper. 

For a second e.xtraction ignite the ])aper, fume the residue with 4 ml. 
1 : 1 Hj,S ()4 to dryness, heat, and leach with hot water through a 7 cm. paper 
until the combined extracts measure KKl ml. In aliquot jiortions determine 
sodium as uranyl-acetate and potassium as cobalt ini trite. 

It was further stated that the residue from extraction of alkali 

sulphati's could be employed with many clays for accurate determinations 
of iron, titanium, and aluminium, and that these diderminations, m con- 
junction with alkali determinations and loss on ignition, gave in such cases 
all the chemical information rt'quired in works 2>ractice. 

It was concedt'd, how(*ver, that where the clay contained appreciable 
magnesium the ^2^.1 residue would be contaminated with magnesia through 
almost complete th(»rmal decomjiosition of magiK'sium sulphatiL It would 
not, however, retain calcium sul})hate, unless lime wt're present in the samjile 
in more than a moderate amount (say 1-2 per cent.). 

The usual procedure in analysing total ignite and weigh, 

fuse with ])yrosulphate, bring into solution with sulphuric acid, reduce the 
iron with H2S(2, p. 3()4), titrate with permanganate for ferric oxide, and 
then estimate titania colorimetrically with HaOo. 

The more convenient Zirnmermann-Reinhardt reduction of iron with 
stannous chloride, as modified by Knop(3), is open to the objection that 
titania cannot be determined later. We might, indeed, follow the technique 
of Dittler(4, pp. 22-3) and determine iron after titanium, or another method, 
even more promising, wherein iron is reduced before solution — namely, 
to metal by reduction in hydrogen(5). But both these procedures are 
complicated in the case of clays by the highly aluminous nature of the R2O3 
residue. 
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Probably the simplest means of determining both iron and titanium 
is that used by McNamara(6, p. 355) — reduction of iron in sulphuric acid 
solution by the Jones Reductor*(7, p. 346 ; 2, p. 101.). 


45 



To bring the R^Og residue into solution, the use of soda-borax 
flux(8, p. 19 ; 4, p. 15) is to be preferred to the more usual })yrosulpliate 
fusion, provided that subsequent determinations are not gravinK'.tric. One 
advantage is that it detects by its green manganate colour the presence 
of appreciable manganese. The main advantage, however, is the ease 
with which boric acid fluxes metallic oxides. 

(A) Analysis of RgOg Residues Free of MgO 

At the end of the ‘‘ second extraction for alkalies, transfer the powdery 
leached oxides completely to paper, and while the combini'd extract is 
evaporating transfer paper and contents to a fairly large weighed platinum 

* A suitable form, with approximate dimensions, is shown in Fig. 1. A perforated 
plate (or, better, a coarse sintered-glass disc, porosity O, capable of being fused into the 
walls of the glass tube), covered with glass wool, supports the zinc column. The “ cup *’ 
is of approximately 50 ml. capacity, and the flask 500 ml. or 750 ml. For the column, 
about 300 g. of A.R. pure 20-30 mesh zinc are amalgamated by covering in a basin with 
2 per cent, solution of mercuric chloride containing a little sulphuric acid, and stirring 
for five to ten minutes so that the zinc acquires a bright silvery lustre. The zinc is then 
washed several times with water. The column reaches the bottom of the cup, and 
must be kept filled with water to prevent the formation of basic salts by atmospheric 
oxidation. During use, also, the liquid in the cup should always be replenished before 
its level falls to the top .of- the zinc column. 
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crucible, burn off the paper, and ignite strongly on a good blast, to obtain 
combined weight of Fe 2 0 g , Al 2 0 3 , and TiO 2 . Prepare the oxides for solution 
in acid by fusion with pyrosulphate or with soda-borax mixture. 

Pyrosulphate Fusion, — Add to the ignited in the crucible ten 

times its weight of “ fused potassium bisulphate.” Heat on a triangle 
over a Bunsen flame, commencing with the flame fairly low, and keeping 
the melt gently fuming for some time, while occasionally swirling the crucible. 
Raise the temperature gradually at last to cornjilete the solution to a clear 
reddish melt. Cool the crucible while swirhng. Place it in a small covered 
beaker with 50 ml. of hot water containing 10 ml. of 1 : 1 H2SO4, and put 
this on the water- bath until solution appears complete. To g(‘t a perfectly 
clear solution, filter through a 7-8 cm. medium-open pajier containing a 
little })aper-pulp into a 150 ml. beaker marked at 1(K) ml., and wash. (If 
turbidity before filtering seemed possibly due to unfluxed titanja or alumina ^ 
return the pap(‘r to the crucible, burn off, and re-fuse the residue with a 
little pyrosulphate, dissolve in the (irucible m a little hot 5 per cent. H2S()4, 
and pass through a small filter into the beaker). Wash up to 100 ml. mark 
on the beaker, and cool. 

Soda Bora,!' Fusion (Alternative to Pyrosulphate ) , — Make up this fusion- 
mixture by mixing intimately five parts of soda -ash with one ])art of ” fused 
and powdered ” borax (com])letely dehydrated). To the y)latinuni crucible 
containing the ignited and weighed RgOg residue add ten times that weight 
of soda-borax, and with a small pestle gently grind the powdery residue 
and the flux tog(‘th(»r. Heat on a triangle over a full Bunsen flame to fusion, 
but not necessarily to so clear a melt as with yiyrosiilphate. Cool the crucible 
well(8, p. 19, warning footnote re ” Leidenfrostsche ” phenomenon), place 
in a small covered beaker, and add gradually about 50 ml. of cold water 
containing 10 ml. of 1 : 1 II2SO4 plus 1 ml. of acid for each gram of soda- 
borax used. Leave until effervescence slackens, then dissolve on the water- 
bath. If the solution is in the least turbid (as from such refractory material 
as zircon in Bur. of Stds. Std. Sample 98), filter through a 7 cm. nuHlium- 
open paper with a little jiayau'-pulp into a 150 ml. b(*aker marked at 100 ml. 
and wash u]i to the mark. 

Reduction hy Jones Redactor. Activate the nnluctor by drawing into 
it 50 ml. of 5 ])er cent, (by volume) H2S()4, turn off the sto])-c.ock, and quickly 
empty from the flask the wat(»r so drawn out. Then slowly draw through 
the r(*ductor the UK) ml, of solution in the beaker, following it just as it 
leaves the ” cuj) ” with 50 ml. of 2*5 per cent, acid from the beaker, and 
this in turn with 50 ml. of cold water from the beaker. 

To reoxidize the reduced titanium, add to the flask a catalyst(9) in the 
form of 0-0(K)l g. of CuS04*5H20 (0-25 g. of CuS04*5H20 dissolved in 
5CK) ml., 5 ml. of this solution made up to 100 ml., and of this 4 ml. taken). 
Substitute for the stoyiper of the flask a cork holding an inlet glass tulie 
going well into the liquid and draw a vigorous stream of air through it for 
ton minutes. 

Titrate the iron with ()'05n - permanganate. Then add HgOg, and, 
according to the depth of colour given, transfer to a 250, 5(X), or l,fXX) ml. 
measuring flask, to produce a weak yellowish colour for matching against 
standard titanium solution (0*005 g. TiOg in 1(X) ml.). It should take not 
more than 20 ml. of this solution from a burette to match 50 ml. of the 
unknown in Nessler tubes. 

Obtain the percentage of AlgOg by subtracting from total R2O3 the 
combined ferric oxide and titania. 
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(B) Modified Treatment of K2^3 Residue when MgO is present 

Whereas the presence of al)out 0*5 per cent, of lime in the clay is quite 
plainly shown by characteristic rosettes of needle-crystals of calcium sulphate 
on evaporation of the alkali extract, the presence of magnesia is not so 
easily detected. The analyst, however, usually knows when the presence 
of appreciable magnesia is possible. In that case, magnesia in the R2O3 
residue should be determined and deducted from total R2O3 if accuracy in 
the calculation of alumina is required. 

The procedure is as follows : at the end of the second extraction for 
alkalies transfer the R2O3 residue to a fairly large weighed platinum crucible, 
burn off the paper, ignite strongly, and weigh. Fuse with pyrosulphate. 
Dissolve in 10 ml. of HCl plus 40 ml. of hot water. To separate iron, titanium, 
and magnesium from most of the aluminium, nearly neutralize with (‘austic 
soda, bring to 100 ml. volume, heat, and pour slowly whik* stirring, into 
100 ml. of hot 10 per cent, caustic soda solution(2, pp. 7b and .391). Boil 
and filter through a 9 cm. medium-ojien jiaper. Wash a few times with 
small lots of hot w^ater. Reject the filtrate. Wash tlu^ precipitate* back 
into the beaker and dissolve anything remaining on the jiajier by passing 
slowly down and through it a boiling-hot mixture* of 5 ml. (only) of 1 : 1 
H2SO4, and 25 ml. of water, catching the filtrate in the* beaker, and washing 
with hot water. To se])arate iron and titanium from magnesium, add 
ammonium hydroxide to the hot solution until alkaline* to methyl red, 
boil, filter through another 9 cm. ])aper, and wash wnth hot 2 per cent, 
ammonium sul])hate solution ke])t just alkaline to m(*thyl red. l)et(*rmine 
magnesium in tlui filtrate. 

Before dissolving the hydroxides of iron and titanium remaining on the 
paper, wash out the indicator present with a few small w'ashes of hot water, 
then wash the precipitate off* the paper into a 100 ml. b(*aker wnth about 
30 ml. of hot water. Through the paper and into the b(*aker pass 50 ml. of 
hot water containing 10 ml. of 1 : 1 MgSO^, and bring the contents of the 
beaker to boiling. Now pass the solution back through the same filt(*r, 
washing with hot water to a volume of ](K) ml. Pass the clear cooled filtrate 
through the Jones reductor for determination of ferric oxide. Estimate 
titania, and then calculate alumina, correcting for retained magnesia. 
(Note. — The above correction for magnesia assumes that no lime also r(*mains 
in the R2O3 after water-extraction. In the event of the clay being 
unusually high in lime, as detected in the evaporation for alkalies, complete 
extraction would be the better ensured by extracting the R2O3 residue 
further with ammonium chloride solution before igniting and weighing it. 
It is likewise assumed that iron is precipitated completely by caustic soda. 
This will be discussed in Part II of this paper.) 


Table I. — Analysis of Ra^a from iSTANDARD Sample 98 


— 

Found by Method B. 

Given in Certificate. 

Fo 2 O a, per cent. 

2 02; 2-04 

2*05 -1 0-05 

TiO a. per cent. 

1-42; 1-42 

1-43 i 0-06 

A1 gOg, per cent. 

25-62*; 26*68 

25*70* 1 0-14 


• Includes approximately 0-15 per cent, of other oxides. 


Results of Analysis by Modified Treatment (B ). — The results of analyses 
in duplicate of Bur. of Stds. Std. Sample 98, Plastic Clay, containing 0*72 per 
cent. MgO, are given in Table I. The MgO recovered from R2O3 residue 
amounted to 0*52 per cent, and 0-60 per cent. These percentages were 
therefore deducted from AI2O3. 
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Also appearing in the', table are tlu* averages, given in the (u*rtificate 
of analyses, of determinations by eight analysts, with variations in these 
determinations above and below the average. All determinations are 
calculated on the weight of the sample at MG'" c. — the clay as analysed losing 
2*29 per cent, by weight at 140^^ c. The accuracy is quite satisfactory. 
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NEW ZEALAND SEAWEED EOR AGAR- 
MANUFACTURE 

KEVIEW OF SUPPLIES 

By L. B. Mocjre, Botany Uivision, Plant RcHcarch Bureau, Department 
of Scientific and Industrial Re.search 

\lieceired for publication, IGth Xovptnbcr, Jtl4d\ 


Summary 

During the first three years of operations, from .June, 1942, to June, 194.5, 
the Internal Marketing Division purchased over 244 tons of dry agar seaweed 
{Pterocladia lucida and P. capillacea). Of this amount, more than 48 per cent, 
came from the North Auckland west coast, more than 38 per cent, from the Bay 
of Plenty, and about 12 per cent, from the East Cape district. Records from 
individual localities indicate that the beds are likely to continue to yu*ld at 
approximately the present rate. The annual harvest could hi* considerably 
increased by opening up new areas if the need ai-ose and local collecting 
difficulties could be overcome. 

Introduction 

In June, 1942, collecting of seaweed for agar-manufacture began in earnest 
in New Zealand. Japan’s entry into the war had precipitated a world- 
wide shortage of agar, a key material in preventive medicine and in 
pathology. In the face of urgept demands it was decided that agar should 
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be made from whatever suitable seaweed was available, though it was 
palized that a stable and permanent industry could be established only 
if both initial quantities and regeneration rates exceeded certain minima. 
Both small-scale-picking experiments and the first year’s commercial harvest 
were promising,* but it was obvious that the question would need to be 
reviewed when more data had accumulated about actual quantities 
purchased. 

The seaweed, belonging to two species of Pterocladia {P. hwida (R. Hr.) 
J. Ag. and P. capillacea (Gmel.) Born, et Thur.), has all passed through the 
Internal Marketing Division, which buys from the collectors on behalf of 
the manufacturers. Careful notes have been kept of the net weight and 
place of origin of each consignment received, and records extending over 
the first three years of operations have been made available by the Internal 
Marketing Division for the present study. An analysis of the figures, com- 
bined with some acquaintance with the special features of each locality, 
gives for the first time a basis for apj)raising the continued productivity of 
specified areas, and makes it })ossible to predict the trend of total yield. 

Records of Quantities collected 

All the agar seaweed has come from the North Island, with the following 
totals for different districts over three years : — 

North Auckland . . . . 262,171 lb. (117’() tons), 47*85 per cent. 

Bay of Plenty . . . . 210,949 lb. (94*1 tons), 38*5 per cent. 

East Coast (Hicks Bay to 

Mahia) .. .. 66,415 lb. (29*65 tons). 12*1 per cent. 

South Hawke’s Bay . . 3,743 lb. (1*67 tons), 0*68 per cent. 

Coromandel and Great 

Barrier Island . . . . 3,379 lb. (1*50 tons), 0*62 per cent. 

Taranaki . . . . 806 lb. (0*36 tons), 0*15 per cent. 

Total . . . . 547,951 lb. (244*6 tons), 1(X) ])er cent. 

Of this total, 55*2 tons were sent in during the first year, 89*1 tons in 
the second year, and 1(X)*3 tons in the third year. 

Figure 1a represents the totals graphically, and suggests a rather opti- 
mistic prognosis, since the total quantity is mounting steadily and the rate 
of addition to it continues to increase. Figure* 2 shows, however, that this 
satisfactory increase results more from the opening-uj) of new beds than 
from the continued activity of those already picked over. Figures 1b and Ic- 
provide records of performance of rather well-defined restricted stretches of 
rocks over periods of eighteen months to three years. The grajihs of Fig. 1b 
show several striking features common to three richly productive areas : 
(1) marked seasonal pattern with flattening of the curve in winter and spring 
and sharp rise in autumn ; (2) collecting slow over the first autumn, reaching 
a maximum in second autumn, and considerably less in third autumn. 
Raukokore-Waihau Bay alone shows the next phase, and the strong autumnal 
increase here indicates that the drop in the previous autumn’s figures was 
due to temporary depletion only or to some other cause. 

In the graphs of Fig. Ic seasonal differences are much less marked. The 
curves for Herekino and Maketu may well be expected to flatten more strongly 
as they enter their third winter-spring period. Ahipara, after building up 
steadily throughout the whole of the first full year, will probably also show 
reduced activity. Te Kaha is included as an example of a district where 
some essential condition is not especially favourable. An energetic initial 

♦ Moore, L. B. (1944) : N,Z, J, ScL dt Tech,, 25, 183-209. 
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onslaught accounted for all easily gathered weed. It will be interesting to 
see how long it is before collecting again becomes an attractive proposition 
in the considerable number of localities that show a pattern similar to that 
of Te Kaha. 

Notes on Individual Localities 

Raukokore-W aihau Bay . — This portion of the extreme north-eastern end 
of the Bay of Plenty stretc.hes from the Raukokore River mouth to Waihau 
Bay, a distance of four or five miles by road and rather more along the coast 
itself. Various short lengths of sandy beach divide up the long stretches 
of jagged greywacke rocks that extend out into shallow reefs below low-tide 
level. There is a hard-working Maori ])opulation living close to the coastal 
fringe, the single school at Raukokore having some 90 pupils.* 

The weed is princij)ally P. lucida^ collected from drift and l^y wading, 
either from the shore or from small boats amongst the outer rocks. Trans- 
])ort is by horse or by bullock cart for the wet weed, with motor-lorry to take 
dry weed to boat or rail. Individual collectors despatch their own weed, 
packed in wool-bales. Nearly 48 tons have been sold from this area in 
three years. 

Maketu . — In the middle Bay of Plenty, between Kaituna River mouth 
and the Waihi Estuary, is a short rocky headland, with about two miles of 
frontage to the sea. East and west of it sandy beaches stretch for many 
miles. From the boulders at the cliflp base a rocky intertidal ])latform 
extends out a few hundred yards. The famous Maori village of Maketu 
nestles against the headland, its size indicated by a school of 114 pupils. 

The seaweed collected is P. Imida, and a large part of it must come in 
drift or from extensive off-shore beds. The short length of headland could 
hardly have produced the large quantity (nearly 26 tons) that has been 
purchased from Maketu within the last two ytuirs. The })ractice here is to 
pack the dry weed into corn-sacks holding 60 lb. to 70 lb. (*ach, and to send 
by lorry to the rail at Te Puke. Large consignments an' ty})ical, and half 
a ton or even more than a ton — e.g., a railway truck full — may come at one 
time under one name. 

R'lmtoria District. — Ruatoria, itself five miles inland, is the centre for 
the twelve miles of coast from Reporua (sixteen miles south of East Cape) 
to Waipiro Bay. Channelled intertidal platforms of papa rock are typical, 
though there are harder outcrops — for instance, at Tuparoa. Collecting has 
been done mostly by two small Maori communities living right on the coast, 
Whareponga with 30 pupils at the school, and Tuparoa with 55. Whare- 
ponga has remarkable beds of P. cajnllacea, left almost bare at low spring 
tide. Elsewhere P. hicida is common and is collected by wading and some 
diving. Dry weed packed in wool-bales goes by lorry to the coastal steamer. 
Collectors sell individually, though there is some co-operation between them, 
especially at Whareponga. Nearly 23 tons have gone forward in less than 
two and a half years. 

South Hokianga.'f — On the North Auckland West coast, this area stretches 
from about three miles south of Hokianga Heads a distance of some seven 
miles to beyond the Waimamuku River. Long stretches of sand are broken 
by extensive rock platforms, reaching from half-tide to below low-tide with 
shallow off-shore reefs. There is a considerable Maori population (170 
pupils in four schools), but the majority live some distance from the coast, 
and ride out for seaweeding, here called “ agaring.*’ 

* Roll numbers, kindly supplied by the Education Department, are considered! 
to be the best available indication of the size of settlement. 

t The Opononi area within Hokianga Harbour is not included under this heading. 
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Fig. 2a, b, and c. — Histograms showing the weight of agar seaweed received from various 
sections of the coast during each month. 
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The weed is almost entirely P. lucida obtained from drift and by wading 
and diving in water up to 4 ft. or 5 ft. deep. No boats arc used. Wet 
weed is carried on horse-back, and, after drying, most of it is pressed in a 
hay-baler, and wired for lorry trans})ort to boat or rail. Weed is consigned 
by individual collectors, and more than 40 tons have been sold in less than 
two and a half years. 

Herekino District . — On the North Auckland west coast there is a rocky 
stretch of about eight miles between the mouths of the Herekino and 
Whangape Harbours. If Mitimiti, five miles south of Whangape, may be 
taken as representative, conditions are not unlike those at Waimamuku 
farther south and Ahipara farther north. The scattered Maori population 
is servcid by schools at Whangape (85 pupils), Pawarenga (107 pu})ils), and 
Herekino (47 pu})ils). Though P. capilkicen is })resent, the weed sold is 
almost all the robust west coast P. lucida, forwarded chiefiy through the 
Herekino storekee})ers. Nearly 31 tons have come from this district in just 
over two years. 

Ahipara . — The Ahipara collecting area lies immediately north of the 
Herekino stretch of coast, and the two may even overlap. Weed from 
some miles south of Beef Point ])robably goes out through Ahi})ara, giving 
a total length of rocky coast for this district of probably l(‘ss than ten miles. 
Intertidal platforms and shallow offshore reefs jut out of the })redominating 
sand. Few Maoris live near the rocks, but at Ahipara there is a large 
settlement with 234 ])upils at the Native school. Those who come from a 
distance set up camps on the spot while collecting is in progress. 

P. lucida is the chief weed, collected by wading and diving or from drift, 
but without boats. It is dried on the grass just above the beach, taken away 
by horse or sledge, and sold almost entirely through self-apj)ointed local 
agents. In the eighteen months after collecting began 32i tons were sold. 

Discussion and Conc^lusions 

Factors affecting Season of collecting and Time of iSfa/c.— The seasonal 
influx of weed into the Internal Marketing Division store is brought about 
by a combination of circumstances. Once the weed is collected and dried 
it may be stored away indefinitely without spoiling. The time of sale has 
therefore no obligate relationship to the tim(» of picking, except where 
storage sjiace is at a premium or money is urgently needed. Naturally, 
most of the jiickingis done in summer and autumn, when the water is warm 
and air-drying is easy, but jiacking may be delayed until the weather 
deteriorates. In farming districts there is little spare time for seaweeding 
until after Christmas, when the flush of the dairying season is over and the 
shearing is finished. Lorry and steamer transport, when preoccupied with 
the season’s wool-clip, cannot cope with seaweed also, and this acjcounts in 
part for the autumn accumulation. 

Relation of Size of Harvest to Length of Coast . — ^Large quantities of weed 
have been collected and apparantly can continue to come forth from quite 
short lengths of coast-line. A continuing average of 15 tons per annum 
per five to ten miles of productive coast seems quite possible in each of the 
following localities : Raukokore-Waihau Bay, Maketu, South Hokianga, 
Herekino, and Ahipara. The gross value of 15 tons of seaweed is £1,680, 
which works out at from £8 to £20 per school child in the district. 

Prospects : — 

(a) Areas already worked . — On the basis of the figures given and the 
trend of the curve of production, there is reasonable ground to 
hope that the areas already being exploited can maintain the 
average of the last three years — i.e., at least 80 tons a year. 
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(b) Areas not yet fylly exploited . — The ^reat bulk of the agar seaweed 
at })resent being utilized comes from a very small f)r()p()rtion of 
the coast that is known to be Pferorladia-heann^ (cf. Moore, 1944, 
Fig. 5). Probable reasons for lack of interest in other districts 
are : (1) Ignorance of the potential value of the beds where 

sporadic collecting was regarded as a minor f)atriotic elfort and 
did not demonstrate the full possibilities. (2) Insulhcient people 
of the right kind in suitable ])laces. (3) The inhospitable nature 
of parts of the coast ; Pterocladia grows in some {)lac(‘s where 
collecting would be really dangerous. (4) Trans])ort difficulties, 
esj)ecially wartime shortage of benzine for jirivate vehicles. (5) 
Man-])ower shortage and j)reoccu})ation with other activities 
o])erate especially in the vicinity of towns — c.//., good beds of 
weed have attracted little attention near Tauranga, Whakatane, 
Tokomaru Bay, and Gisborne. 

The general conclusion is that present supjilies will be approximately 
maintained from the same districts. To increase these by (‘xploiting new 
areas might not be very easy, but could jirobably be done if it became 
necessary. The industry should not fail for want of raw material ; its 
future depends more on economic conditions, and prices in the world market. 


THE SEISMIC GEOMETRY OF A VOLCANO SUCH 

AS RUAPEHU 

By W. M. Jones, Dominion Observatory, Department of Scientific and 
Industrial Research, Wellington 

fot publication, lOth October, 7.9 /J] 

Summary 

F'or a volcano of the size of Riiapehn, the problem of the location of the 
foci of st‘ismic distui'bances is discussed. A group of hypothetical stations is 
used to consider the geometrical principles involved, thc‘ layout of stations for 
particular methods, ami the hearings of instrumental performance and initial 
assumptions on the accuracy attainable. Remarks are made also on the 
problem of early location of incipient activity in the thermal region. 

Introduction 

The recent activity of Ruapehu has again called attention to th(‘ need for 
studies of the New Zealand volcanic and thermal districts by geojihysical 
methods ; one object would be to give warning of an imminent eruption, 
which has been shown from studies in Hawaii and in Japan to be quite 
feasible, given the necessary instruments. Information would be required 
concerning (a) the general geophysical phenomena during jieriods of 
quiescence, and (b) the phenomena which would characterize the prepara- 
tions for an eruption, the maximum activity, and the return to quiescence. 
Changes of ground or spring temperatures, changes in the magnetic field, 
tilting of the ground or changes of level, and seismic disturbances are 
symptoms of approaching activity that have been used elsewhere. The 
present jmper will deal with some preliminary aspects of the application of 
seismic methods to the local conditions. 


16 * 
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The types of seismometers most suitable for the purpose will depend 
on a number of factors, including the magnitudes and periods of the shocks 
to be expected, the geometrical methods to be used in the location of foci, 
the openness of scale and accuracy of time-measurement desirable for 
satisfactory application of these methods, and such practical aspects as 
housing, accessibility, expense, and so on. While the experience of other 
countries is available for some of these points — e.g., Jagger(l), Imamura(2) — 
the development of seismometers has l)een very rapid in recent years, and 
it is probable that further applications of electronic methods will open up 
new possibilities for close-range work. The present study is concerned 
mainly with close-range methods, and will indicate the likely requirements 
for the performance of instruments and the layout of stations to give a 
desirable accuracy in the location of foci. Ruapehu has been taken as an 
example but the principles should apply in general to any volcano of about 
the same size. 

Seismic Methods 

Studies of the S-P interval and its relation to Hawaiian travel-times 
and to the location of foci were made by Austin E. Jones(3) : the pulses 
considered, Pg, P*^ , and Pn, with the corresponding S-})ulses, are those 
involving crustal layers some tens of kilometres in thickness ; recordings 
were available up to 90 km. The eruption of Tarawera in 1886 was pre- 
ceded by earthquakes strong enough to awaken sleepers in the Rotorua 
district, at distances of some 25 kin., and these could no doubt have been 
recorded at 1(X) km. by suitable instruments ; but from the f(Hd)leness of the 
seismic disturbances so far observed in eruptions of Ruapehu and Ngauruhoe, 
it is doubtful whether they could be recorded in detail at such a distance, 
and possibly the distances of seismometers from probable epicentres would 
have to be within, say, 20 km. For such short-range work the use of even 
an Sg-Pg interval would be open to objections : the first pulse to arrive 
might well have travelled through only the andesitic material coniprising 
the volcano, delays in the apparent starting-time of either S or P waves 
would involve considerable complications, a surface wave might arrive 
before the first S, and so on. Therefore, although the instrumental diffi- 
culties would be greater, in that comparisons of the times of arrival at 
different stations would be required, it appears worth while to consider 
the possibilities also of “ seismic sound - ranging ” methods, using the 
differences in times of arrival of the first pulse (or any other pulse identifiable 
with certainty) to locate the focus. As the focal depths could be of the 
same order of magnitude as the distances, a theory of sound-ranging in three 
dimensions is required, and in the following is considered for stations located 
on the volcano within less than eight miles from the summit. It will be 
assumed that the rays will travel in straight lines with a constant velocity. 
In view of the straightness of the line connecting the several explosion 
craters, Ruapehu, Nga Puna a Tama, Ngauruhoe, Tongariro (South Crater), 
Blue Lake, Sulphur Lagoon, there is some presumption that epicentres 
would be over the fissure indicated by this line, but for the present it will 
be assumed that epicentres are possibly distributed anywhere on the 
mountain. Before going further, however, it may be useful to consider 
within what distances from the summit the rays are likely to have passed 
entirely or almost entirely through andesitic material. 

Geological Features of Ruapehu 

The N.Z. Geological Survey map of the area shows the visible rocks 
adjacent, to the volcanoes, which occupy a graben between the Kaimanawa 
Range on the east, composed of greywacke and argillite of Palaeozoic or 
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Mesozoic age, and similar rocks forming the Hauhaungaroa Range on the 
north-west, and the block Taurewa farther south. The depression is partly 
filled by Tertiary mudstones, &c., the surface of which dips gently in the 
direction of Wanganui, and is at a height above sea-level of some 3,800 ft. 
at Hauhungatahi, where the andesite of this subsidiary to Ruapehu is seen 
to cover it. The andesites have thus come up presumably through some 
channel or fissure in the down-faulted greywacke and made their way 
through the Tertiary sediments. Some doming up and blowing out of the 



Fia. 1. — Approximate contours of Ruapehu, with an E.-W. section above 4,000 ft. 


sedimentary rocks could be expected. Lava and fragmental material has 
then flowed or been deposited on the surface of the Tertiaries. What the 
proportions are of each can hardly be estimated, but })erhaps where the 
fragmental material has been consolidated there will not be a great difference 
in the seismic velocities. 

Approximate contours of Ruapehu, derived from the barometric and 
trigonometrical station heights given on the Geological Survey map, are 
shown in Fig. 1, and inset is an approximate E.-W. section showing the 
shape of the volcano inside the 4,000 ft. contour. For seismic foci below 
the summit it is apparent that at stations in the vicinity of the 4,000 ft. 
contour the horizontal component of a P-wave would be greater than the 
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vertical for focal depths less than about five miles below the summit, and if 
attention was being concentrated on the column thus defined, the best 
results for P-waves would be obtained from horizontal-component seismo- 
meters, each oriented in the direction of the summit. 

Outside the boundaries of the volcano the Tertiary system may have a 
thickness of some thousands of feet. It seems that with a network of 
stations inside, say, the 3,500 ft. contour the rays recorded from the shallower 
foci below the area defined by this contour could, for a working assumption, 
be taken as having passed mainly through andesitic material, or perhaps 
partly through greywacke in which the velocities would not differ greatly 
from those in the andesitic material ; while outside this contour a ray may 
have passed through appreciable thicknesses of Tertiary mudstone, in which 
the velocities would ]jre8umably be smaller. While general values for 
seismic velocities in different types of rocks are available, it would be more 
satisfactory, if opportunity offered, to determine them directly, and at the 
same time to get what indications of structure are obtainable, by the usual 
methods of seismic prospecting. 

Seismic Geometry 
A. General Principleff 

The close-range network of stations would be essential if it was desired 
to locate the focus of disturbances just before an eruption ; it would he 
desirable to know the focal depth with an accuracy of, say, l,()C)0ft., and 
this could evidently not be achieved by a network of stations at distances, 
in a nearly horizontal direction, of the order of tens of miles, even if the 
shocks were powerful enough to be recorded. On the other hand, the close- 
range system would not locate the foci efficiently if they were at depths 
greater than, say, the average radius of the system, and a network of radius 
of the order of tens of miles would be needed ; here th(‘ complications of 
the thicknesses of and velocities in the crustal layers would come in. And 
to complete the picture, the services of the regional network of seismological 
stations are required to place the foci of depth one hundred to two hundred 
miles which are now known to occur below the thermal regions, although 
it is not yet known to what extent, if any, they are related to the surface 
vulcanicity. For the intermediate group the methods described by Austin 
Jones(3) would be applicable, and we consider Vielow methods for the close- 
range group. 

B. Description of Methods 

Assuming rectilinear propagation and uniform velocity, methods may 
be grouped in three categories : — 

(а) When the slant distances from focus to stations are determined from 

the records. These may be obtainable from S-P or other pulse- 
intervals, and then do not require the measurement of absolute 
times at the stations, but the methods are comjilicated by the 
factors mentioned above, reliable identifications of the pulses, 
delays in starting times, &c., and may not be readily applicable 
to the close-range work. 

(б) When the differences in the times of arrival of a pulse at pairs of 

stations are obtained from the records, as in sound-ranging. A 
knowledge of the velocity is required, and the absolute time must 
be known with suitable accuracy on each record, unless it can 
be arranged for all stations to record on the same sheet or film. 

(c) The ratios of differences as obtained for (6) can give the position of 
' the focus, without a knowledge of the velocity. One more station 
is required than in (6), 
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Direct mathematical treatment involves the solution of equations too 
cumbersome for practical use — for example, in (b) the equations are of 
the form — 

+ (y ] { y - y ,^)'^ 1 { z - 22)2^.^ ^ A 

-f- {y -ViP ^ (2- 3*3)2 I- (y- ^3)2 + (2 33)2 = B 

where x, y, z are the co-ordinates of a focus, z/^, &c., those of obvserving 

stations, and A, B are the distance-differences deduced from the observed 
time-differences. Gra})hical methods are more feasible. 



Fig. 2. — ^Lines of equal differences, in miles, of slant distaiu'es from three pairs of 
stations. Focal depth, 2-00 miles. 


The principles can be illustrated by considering a sample group of stations 
within the 3,500 ft. contour, and for the purpose one has been assumed at 
Paretetaitonga (one of the summit peaks, alongside the active crater) and 
one each at the Chateau, the Ohakune, and the Waihohonu mountain huts, 
as representing accessible sit<*s distributed around the perimeter. (These 
are denoted respectively by P, C, 0, and W on the diagrams, and are at 
heights of 9,000, 3,700, 4,550, and 3,700 ft. above sea-level.) For a grid 
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of points at one-mile intervals over a nine-mile square, the slant distances 
have been computed for several focal depths (focal depths are with respect 
to sea-level, positive below), and form the basis for the diagrams. The 
distance-differences can be converted to the time-differences which would 
be measured, by using an appropriate value for the velocity of the wave in 
andesite. For a P-wave, this would be of the order of three miles per second. 
The mile has been retained as the unit, for convenience in working from 
the Geological Survey map, and the distances have been computed to the 
nearest hundredth. 



Fig. 3. — Variations with focal depth of the positions of epicentres as determined from 
the intersections of the same-valued distance-difference lines, for C-0 and C-W. 


A first consideration is that the results from three stations, or from any 
number of stations in the same plane, cannot distinguish on which side of 
the plane jjassing through the stations an origin would be (unless observa- 
tions of vibration-directions were made), although frequently the ambiguity 
would not arise, on account of the restricted portion of the mountain on 
one side of the plane. Again, for stations all in one plane, methods based 
on distances (or their differences) would not be very sensitive to variations 
of the focus in directions at right angles to the plane if the distances were 
large in comparison with the departures of the focus from the plane. Thus 
it would be desirable to have at least one station well outside the plane 
of three of the others. 





323 


1946] Jones.— The Seismic Geometry of a Volcano such 

AS Ruapehu 

C. Scale and Accuracy of Time-measurement 

For such a closo-raiige network, the time-measiirornents would need to 
be of the same order of accuracy as those required for the seismic methods of 
geophysical prospecting. A P-wave will travel some 2(X) ft. in a hundredth 
second, and as positions and depths will in general be derived from the 
intersections of curves each subject to the limitations of time-measurement, 
jdacements will not usually b(‘. accurate to 1,000 ft. unless th(‘ times are 



Fig. 4. — As for Fig. 3, but for C-W and (^-P. Epicentres represented by the beads of 
the arrows, for focal depth ■— 1-71 miles ( — 9,000 ft.), would he real only i\Iieii inside 
the 9,000 ft. contour. 


Accurate to about a hundredth second. This, of course, raises the ])ractical 
difficulty of continuous recording on such an open time-scale ; to discuss 
this and other matters of technique is beyond the scope of this paper, but 
it is thought that quite practical and reasonably inexpensive methods can 
be devised. As further errors in location will no doubt arise from the 
imperfections of the theoretical assumptions, this need for the most accurate 
time-measurements feasible is further emphasized. Any method of accurate 
location will depend, of course, on the impulse being sharp enough to be 
measurable to the requisite degree of accuracy. 
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D. Some Illustrative Diagrams 

(a) Distance’differences . — ^Diagrams 8uch as those reproduced can be 
drawn remarkably quickly, once the slant distances are computed for a 
group of stations, but only a few can be reproduced and briefly discussed 
here. Figure 2 shows a set of curves of equal distance-differences, in miles, 
for the stations grouped in three pairs, for the focal depth 2-0 miles (below 
sea-level). For a velocity of three miles per second the intervals of one 
mile correspond to time-differences of one-third second. For the focal 



Fio. 5. — Variations with focal depth of positions of epicentres as determined from 
intersections of the same-valuod slant-distance lines from C and VV. The spirals 
denote that the particular intersections are non-existent for the deeper focus. 


depth chosen, the intersection of the two curves derived from three stations 
will give an epicentre. Where the curves are most closely spaced, and 
where intersections are most nearly at right angles, the placings will b(‘ 
least subject to errors of measurement. 

The epicentres obtained from the same values of the distance-differences 
will be in different positions for other focal depths, and Fig. 3 shows the 
magnitudes and directions of the displacements, for the differences C-W 
and C-0, as the focal depth varies. The tail of each arrow represents an 
epicentre obtained by the intersection of two particular distance-difference 
curves foi* a focal depth of 4*00 miles. The head is the intersection of the 
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curves for the same differences for a depth of —O’TO miles (the level of 
C and W), while the intermediate point is for a depth of 2*()0 miles. For 
higher foci — that is, between —0*70 and the summit, —I*?] —the epicentres, 
except for the vslight de[)arture of 0 from the level of the oth(»r two, would 
commence a return journey back along the same arrows. Within the limits 
of focal depth from —1*71 to 0*31, it can be seen that the placing of the 
epicentre would not be greatly affected by the changes of focal depth, but, 
on the other hand, the actual determination of th(» focal depth would give 



some difficulty — the focus might be on either side of th(‘ plane through the 
three stations, and also variations of, say, 1,0(X) ft. in the focal de})th would 
make but little difference in the slant distances over the range mentioned. 

The arrows all point approximately in the direction of tlui point equi- 
distant from the three stations, and reach their minimum length at about 
this point (if the level of all three stations was the same, the length would 
then be zero). A fourth station, giving with two of the first three an 
intersecting arrow, would be required to give the epicentre, but it can be 
seen that if the active area was restricted to a small column below the summit, 
and if three stations were distributed at equal distances from the centre of 
this area, the three stations only could give a very short line as the locus 
of the epicentre, though not an estimate of the focal depth* 





326 


N.Z. Journal of Science and Technology 


[Jan, 

In Fig. 4 the same procedure has been followed, with station P, near 
the summit, instead of 0, and the range of focal depth is from — 1*71 to 
4*00 miles. The arrows are now several miles long in the vicinity of the 
crater, illustrating the greater sensitivity of this group in respect of focal- 
depth determinations in this vicinity, with smaller sensitivity in respect of 
epicentral determinations. They arc reasonably straight and constant in 
direction here, but are sharply curved, though shorter, in the neighbourhood 
of C and W, where there would be some trouble in drawing them accurately. 



Fig. 7. — Displacements of epicentres as determined by intersections of distance- 
difference linos, for C~W and C-P, when all distance-differences are increased by 
10 per cent. Focal depth, 2*00 miles. 


Superposition of Figs. 3 and 4 shows the angles of intersection of the 
two sets of lines as more favourable (more nearly approaching a right angle) 
from the crater for several miles in the N.W.-N.E. quadrant, and poor 
within two miles from N.E. round to S. With P fixed, other groupings of 
the other three stations would show similar strengths and weaknesses, and 
to cover all the area adequately it might be desirable to have a fifth station. 

(b) Distances , — If the slant distances can be determined from S-P or 
other intervals on a single record, which, if practicable, is a simpler method 
involving no comparisons of absolute times and requiring one fewer station. 
When all stations are on the same level, the method developed by Isikawa, 
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and quoted by Austin Jones {loc, ciL, p. 41), is applicable. Arcs are drawn 
from two stations with the respective focal distances as radii, and the 
epicentre lies along the chord joining their points of intersection, and 
similarly for another pair of stations. When the stations are at different 
levels, however, a complication arises, and the method here em})loyed has 
been as follows : for each of several focal depths, (circles showing slant 
distances from each station have been drawn (the radii having been cornjiuted 
for slant distances of one, two, three, &c., miles) and the intersections of 



Fio. 8. — Displacements of epicentres as tletermined by intersections of c1istanc(‘-lines 
from and W, when all distances are increased by 10 per cent. Focal depth, 
2 00 miles. 


these circles plotted for each of the focal depths. We thus get diagrams 
of the tyjie of Figs. 5 and 6. In some cases intersections obtained for 
particular values of the slant distances at shallow focal depths will not 
exist for the deeper foci ; this has been indicated by the spirals on the 
arrows. Figure 5 shows loci of epicentres for C and W, two stations on the 
same level, and Fig. 6 for C and P, at a difference of lev(‘l of 5,300 ft. Such 
diagrams are symmetrical about the line joining the two stations and for 
stations on the same level, also about the line bisecting this at right angles, 
the general direction being parallel to the latter (some small errors in drawing 
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have crept into Fig. 5) ; but for stations on different levels the latter 
symmetry does not hold, and the arrows show considerable curvature over 
the smaller focal depths. In both cases intersections are poor in the vicinity 
of the line joining the two stations. 

Superposition of Figs. 5 and 6 shows good angles of intersection over 
all the area, reflecting approximately the angle between CW and CP. 

The arrows get shorter in passing outward from the line joining two 
stations, but are everywhere more than a mile long, so that the method, for 
two stations only, could not place an epicentre very closely ; there would, 
of course, be two arrows to choose from, but the ambiguity might be 
removable from other evidence. 

(c) Ratios of Distance-differences . — The ratios of the distance-differences 
will be the same as those of observed time-differences, on the assum})tion 
of uniform velocity, and theoretically this gives a means of obtaining the 
epicentre and the focal depth without knowing the velocity. An extra 
station is required as compared with method (a), making four as a minimum. 
Space limitations prevent the re])roduction of illustrative diagrams here ; 
in parts of the area they are readily drawn, showing but little curvature, 
but when the ratios approach infinity or the indeterminate* value 0/0, a 
greater density of points is required than the ono-mih* grid used for the 
other curves. 

(d) Effects of Errors . — Some idea of the t‘ff(*ct8 of possible errors, when 
the distanceis or distance-diff(‘rences are affected by im])erf(‘ctions of time- 
measurement or by the assumption of a wrong velocity, can be gained from 
Figs. 7 and 8. Figure 7 shows, for the distance-difference method, the 
disjdacements of a given s(*t of epicentres, derived from tlu* intersections 
of distance-difference lines for C-W and C-P, when all the differences are 
increased by 10 per cent., as they would be, for example, if the velocity 
assumed was too large by 10 jier cent, of its true value. The displacements 
are quite small in the vicinity of the central point. Figure* 8 shows the ty])e 
of displacement when the slant distances, as derived for examjde from 
S-P intervals, are overestimated by 10 per cent. The displacements are all 
nearly of the same value, about a mile, for the intersections of distance- 
lines from C and W. The focal depth in both cases was taken as 2-0 miles ; 
other focal depths could be dealt with in the same manner. 

Conclusion 

The foregoing remarks, dealing mainly with close-range work on a single 
volcano, refer to the instrumental performance and the layout of stations 
suitable for the detailed study of that volcano. Another problem would 
be to recognize as soon as possible, in an active region, the particular volcano 
(or perhaps a hitherto quiet locality) showing signs of subterranean activity 
that might lead to an eruption. For example, in the Rotorua district, 
further activity might develop anjnvhere along the rift-line between Tara- 
wera and Rainbow Mountain, or possibly elsewhere in the district : the, 
next eruption in the Ruapehu area might be from Ngauruhoe or fron^ 
Tongariro. The density of seismic stations suitable for this problem must 
depend both on the magnitude of the disturbances — ^that is, the distance at 
which they could be satisfactorily recorded — and on the depth at which 
they are first manifested — as remarked above, no accurate estimate of the 
depth could be made from stations very far away compared with the depth. 
Information on these points is lacking for the local conditions, but if a long- 
term programme of research was visualized, it would be well to collect 
Bome preliminary data' by scattering half a dozen sensitive instruments 
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over the thermal area, with portable instruments available to take to any 
area showing activity, and keeping them continuously recording over a 
period of years. When the distances from epicentres are of the same order 
as the total thicknesses of crustal layers, data for assessment of the 
velocities and thicknesses of these layers become essential. In addition, 
there may be the complications of the roots of the mountain ranges, varia- 
tions in velocities along and across the structural grain of tin* country, 
bodies of magma which may transmit S-waves imperfectly— all of which 
would contribute to th(i difficulties of accurate location. In some respects 
the P-difference methods avoid these complications ; a pnOiminary study 
of medium-range work on these liiu's has been made by the writer(4) giving 
some of the geometrical [irinciples involved. 
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A NOTE ON rearing ANOBIUM PUNCTATUM 

DE GEER 

By J. M. Kelse's, Assistant Entomologist, Entomology Division, Depart- 
ment of Scientific and Industrial Itesearck 

[Receh'ed for 'pvblu'ation. 20th Beptcmher., 7.9/5] 

Summary 

The description of a new technique for inducing A. fmnvtatum to oviposit 
on smooth wood surfaces is recorded. The usefulness of the method lies in the 
possibility of being able to count every egg laid, so increasing the value of 
analytical interpretations of the results. (Comparisons are made with previous 
techniques. 

iNTROinTCTTON 

The following notes continue the investigations to discov(‘r the optimum 
conditions for rearing Anohium punetatuw de Geer for use in testing tlu^ 
efficiency of th(‘ various types of preservatives for protecting timber against 
wood-destroying insects. The present paper is an account of a nudhod 
evolved to induce A, punctalum to ovipost on wooden blocks with smooth 
surfaces in order to facilitate counting of eggs. This beetle normally lays 
its eggs in old emergence holes, cracks, crevices, or rough surfaces, and in 
such situations it is a very difficult matter to count all eggs, and consequently 
the analyses of figures for oviposition, hatching, survival, &c., are inaccurate. 
Using the present technique th(u*e is no difficulty in the way of accurate 
analysis, and the method is simple and rajiid. Results are compared with 
previous experitnents to give some guide as to the merits of this new treatment\ 



330 N,Z. Journal of Science and Technology [Jan. 

Materials used . — The timbers involved in the experiments were kiln- 
dried insignis pine (Pinus radiafa D. Don.) and tawa (BeilscJimiedia tawa 
Bcnth and Hook f.), and air-dried P. radiatay kahikatea {Podocarpus dacry- 
dioides A. Kich.), andrimu {Dacrydium cupressinum Soland.) in blocks either 
2 in. by 1 in. by 1 in., or 3 in. by 1 in. by 1 in. Fine-mesh organdie muslin 
free from projecting hairs was used in varying widths and lengths for wrapping 
round the blocks, some of which also had spirals of No. 40 cotton beneath 
the muslin. The only other material was flour-paste such as that used by 
paper-hangers, prepared by mixing flour into a smooth paste with cold water 
and then pouring boiling water into it until it becomes clear on constant 
stirring. 

Technique . — Wood blocks were cut, with a fine-toothed saw, into the 
desired sizes, any with rough surfaces being resawn or discardinl. Though 
most of the blocks in these tests were made with a hand-saw, a much quicker 
method, giving as good results, can be obtained by using a high-speed cinmlar 
saw with fine teeth. This latter was u.sed for some of the samj)les through 
the kindness of the owner of such a machine, and there were no discarded 
blocks among those sawn. 

All blocks were then carefully examined under a binocular microscope 
to ensure that there wcn^ no eggs already {)resent. The fn'shly-made flour- 
paste was painted thinly on the wood surfaces in situations on winch it was 
hoped to have eggs deposited ; the muslin, in thicknesses varying from one 
to^hree layers, was wrapped lightly round these areas while the paste was 
still wet, and finally surplus paste was removed by j)ressing muslin closely 
to wood surfaces and squeezing it out to the sides, from which it was removed 
by a dry cloth. The completed block is shown in Fig. 1 a. In the method 
finally preferred a cjotton thread was wound round the* blocks over the wet 
paste and then covered with a single layer of muslin (Fig. 1 b). 

In attempts to make Anobium disperse its eggs evenly over wood inst(‘ad 
of grouping them all in one place, muslin bandages ^ in. wide and short 
strands of cotton 2 in. to 3 in. long were used ; to secure “ spot ovijiositions, 
small squares of muslin and cotton strands J in, to ^ in. long w('re pasted on 
ends and sides of blocks. In all cases, except for control blocks, there was 
muslin over the ends of blocks in addition to that on the sides. 

Assembled blocks were placed in celluloid-sided cylinders 3J in. long 
and 3J in. in diameter and closed at each end by metal rings containing wire 
gauze disks. Blocks were placed upright in these cages, each of which held 
from three to four muslin-treated samples. A total of twenty-two cages 
was set up in the major experiments, involving sixteen replicates for kahi- 
katea, forty-three for P. radiafa, and five each for tawa and rimu. In ten 
of these cages a “ control ” block was placed with those bandaged ; this 
was a sample taken at random from those prepared for bandaging, but 
without any muslin, cotton, or paste. 

Adult Anobium material was collected from kahikatea blocks in which 
it had been placed as larvse in drill-holes, and from infested timber in houses 
and emergence cages. This material was then sexed under a 15x binocular 
microscope using the technique described by Kelsey, Spiller, and Denne 
(1945). Every female beetle collected was used in the experiments, so that 
the results form a true picture as to the value of this technique. Seven 
female and ten male beetles were placed in each of the cages, some of which 
were kept under the normal laboratory conditions of temperature and 
humidity operating in the air-conditioned building of the Plant Diseases 
Division, Auckland, and some under normal room conditions in an unheated 
Auckland dwelling. 
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[Photographa bf/ T. G, liobitiion. 

Fig. 1a. — M uslin bandage alone. 



Fig. 1b. — M uslin bandage and thread. 
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Egg-laying 

The lowest number of eggs laid per cage containing seven female beetles 
was 207 and the highest 459, giving averages per female of 29*6 and 65*6 
respectively. The total number of eggs laid by 151 females in the major 
series of experiments was 6,441, so that the average number per female 
over the whole series was 42*7. These figures compare more than favourably 
with those given in the above paper by Kelsey el al. (loc. cit.), where the 
average per female for the several techniques, using every female beetle as 
in the present tests, was 23 ; the figure of 44*8 given in the previous paper 
as the highest average per female was obtained by selecting only those 
beetles that were found in copula, so that, though it is a very valuable 
technique, it is also a somewhat wasteful one. 



Fio. 2a — Kggs massed beneath muslin. 


Hatching 

In regard to egg-hatching, the figures for the present investigations 
were slightly higher than those for the ty])e 1 ex})eriments mentioned in 
the previous paper and carried out under the air-conditioned-room tem- 
peratures at the Plant Diseases Division in prell cages. It therefore appears 
that the cage type used in these two series had very little bearing on the 
results ; it also confirms the hitherto unpublished opinion that there is 
normally for a large number of eggs a natural loss of from 443 to 7-5 per 
cent, in the number of eggs laid. Eggs involved in this 4*0 to 7*5 per cent, 
loss usually remained pellucid during development of normal eggs, and 
general dissections showed that the contents were watery, with no sign of 
embryonic development. This point must still await further experiments 
before being stated as more than an opinion, but it is significant that, under 
controlled so-called optimum temperature and humidity conditions, the 
hatching percentages for large batches of Anohium eggs did not exceed the 
figure of 93 per cent. (1945). 
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In the present investigations 93*55 per cent, of the eggs that were laid 
on muslin bandages hatched ; this is only 1*35 per cent, higher than for the 
previous two years’ results under approximately similar conditions, and, taken 
in conjunction with these first figures, is important in indicating that it is 
possible, when working under the above room temperatures and humidities 
in Auckland, to obtain the practical maximum hatching for a large number 
of Anobium jmnetaium eggs. 

Tunnelling op Larvae 

The figure of 99*6 per cent, for initial tunnelling in of Anobium larvae 
(as distinct from survival) in the muslin bandage technique was 0*2 per 
cent, lower than noted for the equivalent tyjie 1 exjieriments in the previous 
work. “ Tunnelling in ” was recorded when newly hatched larvae bored 
into the wood to a depth so that they we^re concealed by frass pellets of 



Fto. 2b. — E ggs dispersed along threads. 


their own workings (Fig. 3). This percentage of 99*6 was based on the 
number of eggs that hatched and not on those actually laid ; on the latter 
basis the number of larvae tunnelling in represented a figure of 93*15 per cent. 

Discussion 

From the above figures it is apparent that, quite apart from other con- 
siderations, the bandage technique is worthy of further trial on the grounds 
that the numbers of eggs secured by using every female beetle collected 
are nearly twice those of the other methods. While this is probably largely 
due to more careful collection throughout a longer period each day, and 
to the utilization of beetles within two hours of collection, the muslin treat- 
ment is justified because it permits the recording of each egg laid. In 
earlier work, using roughened wood surfaces, it was found that the numbers 
of larvBB actually tunnelling in the blocks after six to eighteen months were 
greater than the recorded numbers of eggs laid on those blocks, and this in 
spite of the fact that the latter had been carefully inspected by means of a 
microscope to ensure that eggs or larvae were not present already. The 
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only explanation is that during the experiments some eggs were so deeply 
wedged into crevices, &c., that they were overlooked when the counts were 
made. 

There was no significant difference between the numbers of eggs laid on 
the blocks with muslin alone, and on those where cotton threads were placed 
beneath muslin, but the latter gave better results in that the eggs were 
dispersed over a wider area and not grouped in masses of 50 to 150 as on 
the former samples (Fig. 2a). Figure 2b shows that the thread>muslin 
method results in fairly uniform scattering of the eggs. The “ dispersal ” 
tests using the J in. wide strips of muslin over thread, and the “ spot ” 
experiments where muslin squares were pasted on blocks, were both satis- 
factory as no eggs were laid elsewhere than on treated areas. However, it 



Fig. 3. — Entrance tunnels of newly hatched larva*. 


was found that if these blocks were left too long in the cages, or too many 
females were present in proportion to the available oviposition areas, the 
eggs were deposited in masses often three or four eggs deep, so that accurate 
counting was impossible. As the same dispersal can be secured by the wide 
muslin bandage and thread technique there is no reason for adopting the 
former treatment, which involves rather more time for preparation, except 
perhaps for carrying out laboratory experiments to elucidate certain finer 
points. In the general method, eggs were never found in more than one 
layer, though this would depend again on the ratio of oviposition area to 
the number of Anohium beetles in the cage. 

Recomimndafions . — The use of more than a single thickness of muslin 
was not' advisable as there was considerable difficulty in counting eggs 
where two or three layers were used. In future work it would speed up 




1946] White. — Alkaloids of the LEGUMiNos.^i 335 

the preparation of the blocks if a cellulose material could be used with a 
mesh approximately the size of the short diameter of Anohium eggs, as was 
the case with the muslin used in these tests, but with the thread as thick 
as the length of the eggs. This, when pasted on the blocks, would form 
small cells and would obviate the necessity of using the cotton strands 
which were used to raise the muslin the correct distance above the wood 
surface. Tt may be of interest also to use the cotton alone, as this was not 
attempted in the above experiments. Muslin dyed black, green, or any 
contrasting colour would facilitate the counting of the white eggs. 

The final interest of the muslin bandage technique is shown by the fact 
that though sixty-nine muslin bandaged blocks were used in the main 
experiments, not a single egg was laid elsewhere than on the bandaged 
areas, though parts of each block were exposed (Fig. 1a). In cases where 
the thread was used beneath muslin, all eggs wore laid along the threads 
(Fig. 2b). In the subsidiary test thirty-five blocks were used, and in these 
were included the ten control blocks with no muslin tniatment. There was 
only one case where eggs, to the numb(;r of twenty-one, were laid on a control 
and not on bandaged blocks. The writer has no exjilanation for this, as 
the sam])l(» involved was as smooth in surface as the other blocks. 

It is quite apjiarent that the use of the flour-paste, cotton threads, and 
muslin bandag(*s had no effect on the maturation A}tohiu7n eggs, on hatching 
of these, or on the initial tunnelling in of larva?. 
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ALKALOIDS OF THE LEGUMINOS^ 

?.4RT XIV.*— ALKALOIDS OF ('YTISUS CANAIUENSIS, 

C. STENOPETALUS, AND ALLIED SPECIES 

By E. P. White, Chemical Laboratory, Riiakura Animal Research Station, 
Department of Agriculture, Hamilton 
[Meceived for publiratioTiy 17th October ^ 7945} 

Summary 

Tops of Cytisus canariensisy (\ stenopeiatns, (\ hilUbruntiiy and varieties 
and hybrids in this group contain up to 0-4 jier cent, of alkaloid, (onsisting 
of methylcytisine with smaller amounts of cytisine. In some ])lants in the 
(\ fitenopetalus section there are, in addition, small amounts of anagyrine. 
cytisine is the only alkaloid in seeds of the C. canariensis group and in steeds 
and tops of Genista virgaia and C. battandieri. (Vtisine and methylcytisine are 
in tops of Baptisia australis. 

Tops of several species of Cytisus and Genista were reported in Part XI(1) 
to contain cytisine-like bases, but only in a few cases was cytisine found 
to be the major alkaloid. The present section reports findings of a more 
detailed nature obtained from large-scale examinations of several species. 

It is evident from Table I, and from the incomplete evidence in Part XI(I), 
that cytisine is the only alkaloid of tops and seeds of Cytisus battandieri 
(stl (February) 0*11, s 0015) and Genista virgata (stl (February) 0*41, s 0*92) 


♦ Continued from N.Z, J. Sci, db Tech. (1944) {Sec, B), 25, 162. 
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Rnd of seeds (1-0-1 *5 per cent.) of the group comprising C. canartensis, 
C. stenopetalus, and allied species and hybrids. It is the major component 
of seeds of Genista humifusa. The alkaloid of tops of the C. canariensls 
group (up to 0-4 per cent.) was previously shown to contain cytisine in some 
cases, and some C, stenopetalus samples gave anagyrine (Part XI(1) ). It is 
now found that only a small number of plants of the C, stenopetalus type 
produce anagyrine, and that this is a minor alkaloid. The major alkaloid 
of all samples of tops in the G. canariensis-C . stenopetalus section is 
methylcytisine, isolated previously from tops of C, monspessulanus (Parts XI, 
XV). The remainder of the crude base is cytisine. There is some variation 
in the relative proportions of the two bases in different ])lants of this 
section, and in no case was any sparteine or monspessulanine (Part XV) 
detected. 

Some details of the source of specimens used is given, as many of these 
were distinct varieties whose identification was indefinite, though th(*y apf)roxi- 
mated to C. canariensis or 0. stenopetahis. C. canariensis Steud. was 
obtained from Spreydori Domain, Christchurch, a distinct vari(‘ty of this 
from the Botanic Gardens, Christchurch, and a small-leaved, much-branched 
form from Cashmere, Christchurch, taken to be the var. ramoissi^Hus Briq. 
(= C. attleyanus Hort.). A closely allied species is (\ hillehra})tii Briq. 
from Spreydon Domain. The larger-leaved forms were treated as C. sicno- 
petalus^ and probably included C. maderensis Masf. {C. slenopetalus is 
C. maderensis var. magnifoliosus Briq.), and hydrids with C. canariensis. 
The material at Karori, Wellington, was ty])ical C. stenopetalus, together 
with some plants showing persistently small leaves, similar to C. canariensis. 
The material from Christchurch Botanic Gardens probably contained the 
hybrid form, C. racemosus Nich. Plants in the Wellington Botanic Gardens 
and in Bowen Street, Wellington, were distinct, having shorter racemes 
of flowers, and these forms persistently gave traces of anagyrine. Individual 
shrubs, apparently typical C. stenopetalus, found in the Botanic Gardens, 
Wellington, and at Weir House, Wellington, also gave some anagyrine. 

An alkaloid study of the members of this group as they occur in the 
Canary Islands would be of considerable interest to taxonomy, as numerous 
allied species and varieties have been described. Two allied sj)ecies have 
been investigated. C. linifolius gave only anagyrine (about 1-0 per cent.) 
in tops (Part X(2) ), and C. monspessulanus of southern Euro])e gave in 
tops about 0-8 per cent, of base consisting of methylcytisine, cytisine, and 
monspessulanine (Part XV). Cytisine is the only alkaloid of seeds of these 
two species and of those investigated in this paper. 

Tops of Baptisia australis (Podalyria?) gave about 0-3 per cent, of base, 
free from anagyrine, and containing methylcytisine and cytisine. As 
reported in Part 1(3), cytisine is stated to be present in tops, and was found 
in seeds. 

Experimental 

Isolation, Separation, and Identification of Bases 

Isolation of crude alkaloid followed the method described in Part V(4), 
using continuous extraction in batches of up to 300 g. The alkaloid from 
all seeds, and the purified alkaloid from tops of C. hattandieri and G. virgata, 
in each case crystallized readily like cytisine, gave the van der Moer reaction 
and the microchemical reactions of cytisine(4). The optical rotations in 
alcohol (Table I) agreed closely with that of cytisine, found[a]}? —113® 
(c 0-466 in ethanol) and [ajU —123® (c = 0*466 in water) for base of 
m.p. 154®. Recorded values for water are [a]^ — 119-5°(5) and [a]p 
— il4-6®(6). In each case the picrate was prepared from aqueous solution 



19461 


White.- -Alkaloids of the Leouminos.^: 


337 


in high yield, decomposed at 270® (Table I), and showed no depression on 
admixture with authentic cytisine picrate, m.p. (dec.) 273®, recorded 273®(4), 
277-279®(6, 7), and 3()2®(8). 

TaHLI: T. — V'lKLDS AND PROPERTIES OF ToTAL BasKS 



1 



Jlase • 


Picrate. 

Species and Locahty. 

1 

1 Part 

Wei«ht 

(OraniH) 

I Total 


Weight 



1 

1 Weight 
j((Tlrains). 

(al„ 

(OraiiH). 

AnaKvnnc 

WeiKht 

m.p. 






(Alcohol) 

1 

(UraniH) 

ranarlen.ftifs — 








(^ashmcro (February) 

S 

tiO 

0-11 

-103 


017 

269'^ 


stl 

14-7 

0*32 

-04 

Kil 1 

015 

0*21 

235^^ 

136^ 

Christehureh B.G. (February) 

s 

8-2 

0* 10 

-108 

014 

200" 

stl 

I7:i 

0 13 

-00 

xii 



Sprevdon (February) 

( '. stenoprlalnii — 

stl 

214 

0 .53 

-121 

m 1 

0 03 
019 

25.5 ' 
211" 

Karon — 








Lar^e i(*aves (May) 

s 

120 

i:n 

-105 

Nil 


273" 

stl { 

! ir>i8 

3-42 

145 

Nil 






0-20 

- 101 


0-30 

178" 

Small I(‘av(*.s (Ma\ ) 

stl 1 

r);i8 

1 15 

-142 

Nil 1 

1*70 

0 13 

21(r 

105" 

Mixed sample (November) . . 

StIfI i 

1 000 

0 01 

-151 

Nil 



r. — 

1 

i 


1 


Nil 1 
0 00 

0 20 
on 

1 

170 
100 ' 

(diristehurch B.G. (Febiuarv) 

stl 1 

1 124 

0* 10 i 

i no 

M’ellinytoii JL(L (Mo\ ember) 

stlfl 

302 i 

1-31 

-123 

Bouen Street (.Vugust) 

stlfl I 

340 

1 07 1 

I - 123 

0 13 

1 


(\ hillfbrauin (F«‘bruary) 

stl 

288 

0-.30 1 

i 120 

Nil 



(f. rtn/afa (February) 

s j 

11 1 

0-10 i 

! -00 

Nil 

I 017 

200 ’ 

stl 

122 

0 48 1 

00 

Nil 

0‘05 

200 ^ 

(\ haffdK'hcn (February) 

s 

15 8 

0 025 


1 Nil 

0 05 

271 ' 

stl 

405 

0 51 1 

100 

Nil 


272' 

(i. ImmifiiHd . . 

sp 

2 0 

0 02 



0 (12 

207" 

Jiaptisia auslrnltH (Februar\) .. 

stl 

123 

0-33 

- 

Nil 


•• 


* Punfltnl from tcips, not Iroin seeds. 

The total Itase from each samjile of tojis was first ])urj6(‘d by dissolving 
in dilute hydrochloric acid, filtering off chlorophyll-like material, and clari- 
fying with norite. The concentrated solution was treated with excess 
})erchloric acid and sodium acetate, with sometimes further concentration. 
In this way the major jiart of any anagyrine was preci})itated as ptTchlorate 
(of. Part X(2) ), and on recrystallization was identified by mixed m.p. data 
with anagyrine perchlorate m.}). (dec.) 296® (Part X). The solution was 
then made strongly alkaline and extracted with cdiloroform. The recovered 
base generally crystalli/vcd in part. The optical rotations showed the jiresimce 
of bases of higher rotation than cytisine (Tables I and II). In many cases 
the picrates were prejiared from alcohol solution. Some showed no further 
depression on admixture with cytisine picrate, others with luethylcytisine 
picrate. Recrystallizations from alcohol gave least soluble fractions of 
m.p. close to that of cytisine picrate and showed no depression on admixture, 
but no clear-cut separation of components could be obtained through the 
picrates. Picrate fractions of each sample wen^ combined and converted to 
hydrochlorides by suspension in dilute hydrochloric acid and extraction of 
the picric acid with ether. The solutions from each sample, or in most 
cases solutions of purified base which had not been converted to picrates, 
were treated with benzenesul phony Ichloride following Ing(9)^ and benzene- 
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fiulphonylcytisine filtered ofi*. The weight of cytisine was calculated 
(Table II). Each precipitate was recrystallized from hot ethanol, giving a 
high yield of shining prisms, m.p. 254^-261°, showing no depression on 
admixture with benzenesulphonylcytisine m.p. 261° ; recorded diamond- 
shaped prisms, m.p. 263-4°(9). 

Bases were recovered by extraction of the alkaline filtrate with chloroform 
as discoloured partly crystalline materials, of optical rotations in alcohol 
(Table II), those expected of slightly impure methylcytisine. In each case 
the picrate was obtained in high yield from alcoholic solution and of m.p. 
close to that of methylcytisine (Table II). These picrates showed no further 
depressions on admixture with methylcytisine picrate, m.p. 226'’, recorded 
223°"-230°(6, 7, 10, 11, 12), and on recrystallization approached 227°. In 
some cases portions of this base were recrystallized from benzene-])etroleum 
ether in colourless needles, m.p. 134°-138°, not depressing authentic methyl- 
cytisine, m.p. 137°, recorded 134° 138°(6-13). One sample gave fall;' 
-218° (c - 1-334 in water), fa]}? -178° (c = 1-334 in ethanol), and 
another [a]|J —224° (c ™ 1-237 in water). Recorded for water [al^ 

— 217°(8), fall) —221-6° (c = 1*128)(10, 11), and for ethanol ()rechov(13) 
found a variation with concentration [a]o —190° (c = 1-0), [a],) —170° 
{c == 5) and [a]t, —154° (c — 30). Appreciable amounts of monspessulanine 
in these fractious were excluded by the high optical rotations and high 
yields of jiicrates from the crude base, and particularly from the* methyl- 
cytisine fractions. Extraction of some mc'thylcytisine fractions in water 
by ether gave no monsjiessulanine (vf. Part XV). 


Table II, — Cytisine and Methylcytisine Yields from Crcde Rases of Tors 



Crude 

Base. 



Metliylcytisine. 


Species. 

Weight 

(Grams). 

Eututiun 

w,,*- 

Cytisine 

Weight 

((trairiH)t. 

AVeight 

((Jrams). 


Fi crate. 


\Vciglit 

((rrums). 

m.]). 

<€, canarienmfi — 

Cashmere 

0 * 1(5 

- 106 ^^ 

0 03 

0*08 

- 176 " 

0*17 

203 " 

Christchurch B.G. 

0*13 

- 98 ^^ 

004 

0*06 

- 165 ° 

0*07 

2ir 

Spreydon 

0*39 

- 129 " 

0*13 

014 

- 163 " 

0*21 

223 " 

sienopeialaa — 

Karori — 

Large leaves 

2*04 

- 15.Y 

0-25 

1*49 

- 169 ° 


221 " 

Small leaves 

1-00 

- 143 ° 

0-22 

0*57 

- 169 " 

l * i2 

219 ° 

Christchurch B.G. 

0*19 

- 129 ° 

0*05 

0*08 

- 175 ° 

0*17 

215 ° 

Wellington B.G. 

1*20 

- 128 " 

0-59 

0*61 

- 159 " 

1*29 

222 " 

Bowen Street 

167 

- 123 ° 

0-68 

0-84 

- 158 " 




, , 



009 

, , 

0*21 

2i6 " 

•G. hillehrantii . . 

0*35 

~ i25 ° 

009 

019 

- 168 " 

0*28 

219 " 

Baptisia australis 

0*25 

- 135 ° 

0*06 

0-16 

- 171 " 

0*26 

214 " 


• optical rotations in alcohol nt c == 0*7-1 -9. t Calculated from weight of crude benzenesulphonylcytisine. 


Microchemical Slide Reactions of Methylcytisine 

Neutral or slightly acid solutions were used. Potassium bismuth iodide 
gave a heavy amorphous precipitate, potassium mercuric iodide little in 
aqueous solutions of the base, much amorphous material in acid solution 
"^forming slowly some tiny spheroids. This reaction is quite distinct from 
that of cytisine (Part V). Potassium cadmium iodide gave little in the 
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aqueous solution of the base, but a heavy amorphous })recipitate in acid 
solutions, crystallizing with difficulty and sometimes forming huge s])heroids 
of fine needles. Potassium tri-iodide gave large black needle clusters 
developing to rods. Gold bromide formed fern-like material and characteristic 
blades with transverse outgrowths, gold chloride* curved needle clusters 
developing to thin blades and plates with transverse outgrowths. Picric 
acid gave large n(M*dles and prisms like those from cytisine, and mercuric 
chloride only in very concentrated solutions, large spheroids of fine needles 
forming slowly around the edges. No bromosalts(l4) were formed with 
cadmium, mercury, bismuth, lead, or antimony, even in very concentrated 
solutions. 
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PART XV.— ALKALOIDS OF CYTISUS MONSPESSTLANlhS L. 

Summary 

Tops of (\ monupessiiJaniis pive up to 0*9 per e€*nt. of alkaloitl, consisting 
of 50-60 per cent, inethylcytisine and 15 per cent, cvtisinc. The remainder 
was a hithcrto-iinrcported, feebly basic lujianine-like alkaloid, 
m.p. lOP. This has been named monspessiilanine. Its methiodide, m.p. 247 , 
hydrochloride (very deliquescent), and perchlorate, m.p. 215 , were the only 
salts that could be prepared. It is allied to the lupariine groiii) of bases, and 
eontains an inert keto group and one double bond, (^atalytic reduction gave 
a base Pi 5 H 2 /^^ 2 » **>•!>• 99 , perchlorate, m.p. 224 , not identified with any 
known base of this formula. Monspessulanine is an isomer of aphyllidine. 

In Part XI(1) it w^as shown that the only alkaloid of se(*ds of tliis species is 
cytisine, while in to])s ()*6-()*7 per cent, of alkaloid was found. This was a 
mixture from which about a quarter of the alkaloid was obtained as impure 
methylcytisine picrate. Present studies showed that about a third of the 
total alkaloid can be obtained as methylcytisine yiicrate from alcohol, but 
the bases in the mother-liquor proved difficult to sejiarate. The absence 
of anagyrine has been further established. 

In large-scale examination of the total alkaloid, cytisine was first removed 
as the benzenesulphonyl derivative (cf. Part XIV), and constituted about 
15 per cent, of the total base. The base recovered from the mother-liquor 
was treated with water and extracted with ether, when a comparatively 
pure fraction was removed, constituting about 30 per cent, of the total 
base. This is distinct from previously reported bases, and is named 
monspessulanine. The aqueous solution was then made strongly alkaline^ 
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and on extraction gave crude methylcytisine, which was identified in detail. 
It constitutes about 50 per cent, of the total base. This separation depends 
on the different solubilities of the two bases in water and ether. 

The large-scale studies were done on typical samples of thv naturalized 
plant. Two specimens of horticultural origin approximated to C. monspes- 
sulanuSy but showed certain differences, one resembling C. canariensis in 
leaf characteristics. Both gave alkaloid indistinguishable from that of 
tyi)ical material. The close similarity of this species to the C. canariemis- 
C. stenopetalus group was noted in Part XIV. Tops of all these species 
gave methylcytisine as the major alkaloid, with smaller amounts of cytisine, 
C. monspessulanus differs from the others in having a higher alkaloid content 
and the extra base monspessulanine. 

Monspessulaniiie, C,nH220N2, was obtained with difficulty as crystals 
by addition of water to an acetone solution, it remaining as an oil if slightly 
impure. The base had a m.p. 101®, and [ajp —117® (alcohol). Unlike the 
cytisine bases, it gave no van der Moer reaction. It was sparingly solubhj 
in cold water, much less soluble in hot water, in this respect resembling 
lupanine and allied bases. The base was faintly alkaline to litmus and salts 
were dissociated and difficult to prepare. The monohydrochloride, m.p. 
244°, was extremely deliquescent. A monomethiodide, m.]). 249°, was 
obtained in small yield only by a sealed-tube technique, the base being 
stable to refluxing with methyl iodide in solvents. Analysis of two pre- 
parations showed that this methiodide contained, in addition to BjCHal, 
the elements of J HjO. The perchlorate from sodium acetate and perchloric 
acid solutions separated in rods, m.p. 208°, in low yields from pure 
concentrated solutions. 

The base contained no group capable of acetylation, no reactive keto, 
amine-oxide, methoxy, or alkirnide group, and was unaltenHl by nitrous 
acid. Of the two nitrogen atoms one was inert, and the other only feebly 
bavsic. The oxygen is probably present as an in(‘.rt keto group, which 
accounts for lack of basicity of at least one nitrogen in this series of bases. 

The base had powerful reducing properties, instantly reducing ])erman- 
ganate, and the gold chloride was completely reduccKl to gold on attempted 
recrystallization from hot water. Catalytic hydrogenation gave dihydro- 
monspessulanine, C15H24ON2, m.p. 97°, Md + 10-13° (alcohol), and a 
sparingly soluble perchlorate, m.p. 222°. The reduced base contained only 
tertiary nitrogen. The perchlorate showed depression on admixture with 
that of dMupanine, m.p. 213°. The microchemical reactions showed a 
similarity to those of sparteine and retamine. 

The only reported base, C15H22ON2, known to be allied to the 
‘"papilionaceous” bases is aphyllidine, m.p. 112-3°, faju H 6-5° (methyl 
alcohol), methiodide m.p. 223-5°, hydrochloride m.p. 235-7°, perchlorate 
m.p. 210-212°, obtained by Orechov(2, 3) from Anabasis aphylla (Cheno- 
podiaceee). Aphyllidine is reduced catalytically to aphylline, C15H24ON2, 
an isomer of lupanine, which does not foriD an insoluble perchlorate. 
Monspessulanine and the dihydro base show considerable similarity to 
these bases and to lupanine, and the other numerous isomers of C15H24ON2, 
but monspessulanine appears to represent yet another structural isomer of 
this series. In respect to unsaturation, it represents a state between 
anagyrine, CjgHaoONa, and lu2)anine, C16H24ON2. 

Experimental 

Isolation and Sepa/ration of, Fractions 

In some early experiments, 880 g. of stlfl (November) gave 5*37 g. of 
crude basfe, [a]® —78° (alcohol). This gave from alcohol 3*79 g. of picrate, 
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in.p. 210° or hi^srher, not showing depression with methylcytisine picrate 
(see Part XI). Similarly, 365 g. of stlfl gave 1*68 g. of base, [a]i, —78° 
(alcohol), and 1*24 g. of picrate, m.p. 212°, and in another case 515 g. of 
stlfl gave 3*89 g. of base, yielding 2*48 g. of picrate, m.j). 214°. The base 
recovered from the mother-liquors was a thick syru}), which was further 
j)urified by extraction with ether. The syrup had a slight negative rotation 
and njj — 1*5521, indicating unsaturation. It formed a very deliquescent 
hydrochloride, and no crystalline derivatives could be obtained. 144 g. of 
seeds gave l*59g. of crystalline base, [ajo —109° (alcohol), giving reactions 
of cytisine, and a high yield of cytisine picrate, m.}). 273°. 

3*99 kg. of stlfl (February and May) were continuously extracted and 
crude base obtained as in Parts V(4) and XIV. 32*8 g. of crude base obtained 
was dissolved in acid and 3*97 g. of tarry chlorophyll-like material removed. 
The solution was further purified with norite, excess sodium hydroxidt*. was 
added, and the solution was shaken with benzenesulphonylchloride. The 
brown precipitate weighed 5 g and was designated “ fraction A.” 

The strongly alkaline mother-liquor was extracted with chloroform ; 
22*4 g. of varnish-like base were obtained, fa]i) — 85° (alcohol). Extraction 
with ether or j)etrol -ether removed low-rotation fractions ])ref(‘rentially, but 
no sliarj) separation was obtained. Fractions were recombined, and distilled 
at ca. 0*1 mm. in a small quick-fit apparatus without fractionating column. 
13*3 g. of base, [a]i 3 — 4()°, distilled at 184-192°, and a further 3*9 g., 
[a]i) —60°, from 200-204°. The residue in the flask was extracted with 
acetone, when 1*6 g. of dark material was removed. This was designated 
“ fraction D.” 

Distillates were recombined (16*9 g.) and treated with water, when some 
colourless crystalline material remained undissolved. Th(‘. suspension was 
extracted with six lots of eth(‘r. The residue after removal of solvent 
weighed 6*85 g. and had [aju —115° (c -- 1*32 in alcohol). It crystallized 
liartly on standing and was designated “ fraction B.” The aqueous })hase 
was made strongly alkaline and extracted with chloroform. The residue, 
9*06 g., [ajp —160° (c = 1*98 in alcohol), crystallized and was designated 
“ fraction C.” 

321 g. of stl (June) of a slightly different form (from Weir House) gave 
3*2 g. of purified base, [a]i 3 — 102° (alcohol). From this was obtained 
0*45 g. of benzeiiesulphoiiylcytisine, m.p. 255°. The recovered base weighed 
2*62 g., of which 0*39 g., [aj^^ —80°, was extracti'd by ether from an aqueous 
solution partially neutralized with acid, and this bas(‘. became semi-crystalline 
on standing. Further extraction with chloroform gave 1*55 g. of crystalline 
base, [a]i) 160°. 94 g. of stl (September) from an alleged Genista species 

believed to be C. monsfessulamis gave 0*69 g. of base, [a I d —67° (alcohol). 
This gave no anagyrine perchlorate, 0*22 g. of beuzenesulphonylcytisme, and 
a recovered base 0*36 g., [ajo - 78° (alcohol). The ether-extractable fraction 
weighed 0*12 g., [ajp +78° (alcohol), and the chloroform extract 0*17 g., 
[ajo —159° (alcohol). 

Identification of Fractions 

“ Fraction A ” was recrystallized from hot ethanol. 4*1 g. of colourless 
shining prisms separated, m.p. 257°. These showed no depression with 
authentic beuzenesulphonylcytisme of m.p. 261° (see Part XIV). 

“ Fraction D ” was dissolved in hot alcohol, and on standing some 
crystals separated. The dark base left on drying the alcohol was insoluble 
in water, sparingly soluble in ether, evidently containing little monspes- 
sulanine or methylcytisine. It was dissolved in dilute hydrochloric acid, 
when a few more crystals separated on standing. The dark hydrochloride 
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left on drying amounted to 1*03 g. It was deliquescent and nothing 
crystalline could be prepared from it. The crystalline fractions, 0-21 g., 
melted at 255® and were benzenesulphonylc)rtisine. 

‘‘ Fraction C ” was recrystallized from benzene and petrol-ether. First 
some discoloured sticky material separated, then the major fraction, 5*9 g. 
of colourless needles, m.p. 131-3®. Further concentration gave 2*2 g. of 
slightly discoloured crystals, m.p. 124®. These minor fractions were purified 
with difficulty and were impure forms of the main fraction. A portion of 
base further purified gave needles, m.p. 137°, soluble in water and giving 
the van der Moer reaction, [ajp —213° (c = 1*153 in water), fa]i:> —179® 
(c = 1*028 in alcohol). It gave CH3(N) = 7*7, calculated for 
CnHigONgjCHa is 7*3. The picrate, m.p. 226®, did not depress authentic 
methylcytisine picrate of the same m.p. For recorded data on methylcytisine 
see Part XIV. ^ 

“ Fraction — A 6-gram portion was used. Attempts to crystallize 

from numerous solvents gave only discoloured oils. The fraction was 
dissolved in acetone, water added until a cloudiness ap})eared, then the 
acetone was blown off slowly with a fan. A little tarry material separating 
at first was removed mechanically. The oily precipitate gave crystals 
after refrigeration at intervals, and removal of most of the acetone. 2*6 g. 
of colourless plates were obtained, m.p. 100°, [a]i> +117° (c = 2*62 in 
alcohol). Further concentration gave only oily material. The solution 
was extracted with ether and the base again obtained by the acetone-water 
procedure, when a further 0*99 g. of colourless plates, m.p. 95°, were obtained. 
The mother-liquors gave only discoloured oils, so the solution was again 
extracted with ether, giving 1*06 g. of semi-crystalline discoloured base, 
Wd +85° (alcohol), which was monspessulanine with a little non-alkaloidal 
material. 

Investigation of Monspessulanine 

Monspessulanine Base . — A portion of the m.p. 100® base was further 
recrystallized from acetone-water, giving rods, m.p. 101°, [a]i, +117° 
{c = 2*01 in alcohol). Analysis gave — 



— 

Found. 

Calculatt'd for 

CjjH.aON,. 


c 


73-3, 73-4 

73 17 


H 


913, 9 02 

8*94 


N 


.. 11-2, 11-3, 11 1 

11-38 



Methoxy and CH3(N) determinations were negative. Molecular weight 
(East) = 224, calculated for C15H22ON2 is 246. The base had a character- 
istic odour resembling that of lupinine. It was sparingly soluble in water, 
and much less soluble in hot water, readily soluble in ether and in most 
organic solvents, including petrol-ether. The aqueous solution gave a brown 
precipitate with ferric chloride, but no van der Moer reaction. The aqueous 
solution was faintly alkaline to litmus and phenolphthalein, alkaline to 
methyl red and methyl orange. 71*7 mg. of base in water required 2*01 ml. 
of 0*1n hydrochloric acid for neutralization to methyl red, indicating a 
hydrochloride, acid to this indicator. The base was not steam-volatile, 
And was unaltered by long refluxing with acetic anhydride or by the action 
of sodium nitrate and hydrochloric acid. It gave no ketone reactions, and 
was unaltered by the continuous action of sulphur dioxide. Electrolytic 
reduction over mercury at 30 volts and 1*5 amp. was without effect. 
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Monspessulanine Hydrochloride. — The residue from titration of the base 
was dried and washed with acetone to remove free base. The colourless 
material left melted at 244° and was extremely deliquescent. It gave 
•Cl = 12*7, 12*8, theory for Ci.H^aON^HCl is Cl - 12*6. The hydro- 
chloride prepared from alcoholic hydrochloric acid was also very deliquescent 
and could not be purified. 

Monspessulanine Perchlorate. — A concentrated solution of the hydro- 
•chloride with excess sodium acetate and perchloric acid deposited a low yield 
of rods, rn.p. 198°. Recrystallization from acetone-ethyl acetate formed 
rods, m.p. 214-5°. Analysis gave* — 


- — 

Found. 

C’aleulated for 

1 Bjino^. 

c 


51-42 

51-95 

H 


«-83 

(i-H4 

* The material wan reported difl&cult to burn. 


Monspessulanine Meihiodide.- The base in acetone, benzene, ether, or 
without solvent on refluxing with methyl iodide for several hours was 
recovered unchanged. In one case a trace of material, m.p. 214°, separated. 
317 mg. of base and excess methyl iodide were heated in a sealed tube on 
a water-bath for six hours. Crystals separated slowly, and the whole was 
dried. Recrystallization from acetone-ether formed 108 mg. of prisms, 
m.p. 247°, readily soluble in water. Analysis of separate preparations gave — 




Calculated for 


Found. 

i 

C j gH g gGN g. 
CHJ.JHgO, 



47-70. 48-35 

48-30 

H 

6-78, 6-21 

0-55 

N 

7 -02, 0-97 

7-05 

1 

34-0, 33-3, 33-4 

32-0 

CH,(N) 

3-8, 4-2 

3-98 


From the mother-liquor, 180 mg. of unaltered base were recovered. 
*The aqueous solution on making alkaline with sodium hydroxide and 
extracting with chloroform gave only a trace of base. 

Monspessulanine AuruMoride. — A slightly acid solution with excess gold 
chloride formed an orange precipitate soon changing to fern-like clusters, 
m.p. 120-135°. Attempts to recrystallize this salt resulted in oily material 
from alcohol, and from dilute acid solution reduction to gold took place. 

Reduction of Monspessulanine. — To 360 mg. of base was added 134 mg. 
of Adams catalyst, 70 ml. of water, and 5 ml. of concentrated hydrochloric 
acid. This solution absorbed approximately one molecular equivalent of 
hydrogen. The solution was made alkaline and extracted with chloroform 
giving 333 mg. of base, m.p. 88°, [a]i, -|-10° (alcohol). The bavse was purified 
by extraction with petrol -ether, in which it was readily soluble, giving on 
^evaporation a crystalline mass, m.p. 98°. Monspessulanine was also hydro- 
genated at 85°, giving the same base, m.p. 90-95°, [ajj, -f 9° (alcohol). 
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Dihydroinonspessulanim Base. — A mixed sample was further purified 
from petrol-ether to crystals, m.p. 98°, [a]]) -|-13° (c = 0*719 in alcohol). 
The mixed m.p. with rnonspessulanine base was 90 94°. Analysis gave — 


— 

1 

Found. 

('aloulatod for 

c 

72 0 

72-58 

H 

0-56 

9-07 

N 

11 0 j 

11-20 


The base was stable to nitrite and dilute acid. 

Dihydromonspessulanine Perchlorate.- ])ortion of base was dissolved 
in dilute hydrochloric acid. Perchloric acid and excess sodium acetate 
were added. Large ])lates separated in fair yield, m.p. 225-7° (dec.), with 
darkening from 214°. Recrystallization from acetone and ethyl acetate 
gave 19 mg. of plates, m.p. 223° (dec.). Admixture with r/Lluj)anine 
j)erchlorate, m.p. 213°, ex Podalyria buxifolia^ gave a value 197-200°, and 
with rnonspessulanine perchlorate, m.j). 214-5°, a value 206 7°. Analysis 
gave — 



— 


Found. 

i (‘ttlculo tod for 

1 Cir.Ha40NaH(1()4. 




51-97 

1 

5J -04 

H 

. . 


7-23 

7 - 22 


Microchemical Slide Reactions of Monspessulanine. — The saturated 
aqueous solution and a more concentrated acid solution were used. There 
was obvious alliance to sparteine and retamine in many reactions, and 
precipitates of considerable insolubility were formed with most reagents. 
Potassium bismuth iodide formed an amorphous preci])itate not crystallizing, 
potassium tri-iodide an oil which did not crystallize, and picric acid a faint 
amorphous precipitate which in rare cases formed a few spheroids. The 
heavy precipitate with potassium mercuric iodide formed clusters of fine 
rods and needles rapidly. Potassium cadmium iodide gave a more soluble 
precipitate crystallizing rapidly to characteristic blades and plates with 
transverse outgrowths, reminiscent of the sparteine iodocadmium salt. 
Mercuric chloride gave a slight amorphous precipitate which soon gave many 
prisms in characteristic clusters often joined in a thread-like fashion. Gold 
chloride formed a heavy precipitate, usually crystallizing in a short time 
to clusters of blades and plates with transverse outgrowths. The precipitate 
with gold bromide formed peculiar spheroids and moss-like clusters appearing 
red under the microscope. A saturated aqueous solution gave a slight 
amorphous precipitate with potassium mercuric bromide, none with the 
other bromo salts. Details of procedure for these tests are given else- 
where(6, 6). The more concentrated acid solution gave with potassium 
mercuric bromide a slight precipitate rather like that with mercuric chloride. 
With potassium cadmium bromide there was a slight precipitate in very 
concentrated solution, with the bismuth, lead, and antimony salts no 
precipitate. No precipitates were obtained with potassium fcrricyanide,. 
platinum chloride, or potassium chromate. 

The dihydro -base gave slide reactions very similar to those of monspes- 
aulanine with potassium bismuth, mercuric, and cadmium iodides, gold 
bromide, picric acid, and the bromo salts. Some were reminiscent of those 
of sparteine. There was a persistent distinction from rnonspessulanine, in. 
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that the gold chloride formed rods crossed at an oblique angle, and mercuric 
chloride gave a slight amorphous precipitate which would not crystallize. 
The potassium tri-iodide precipitate was an oil, forming some characteristic 
-clusters of fern-like threads and needles. 
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REVIEW 

MAPS OF AVERAGE RAINFALL IN NEW ZEALAND 

Maps of Average Rainfall in Neiv Zealand, by V. J. Seelye, M.Sc., Ph.D,, 
Air Department, Meteorological Office, Wtdlington. 

This publication rontain.s maps of New Zealand showing (i) average annual 
rainfall ; (ii) average monthly rainfall ; (lii) average numbei of rain-days per annum. 

The material for these was prepared originally for the projected (.Vntennial Atlas, 
the publication of which has been suspended meantime, and is presimted here in a loss 
elaborate form. 

All rainfall records up to the end of 1937 and available in the .Meteorological Office, 
M'ellington, were used, and the rnajis represent the average* over the thirty-year period, 
1991-30. For most purpose's the actual epoch is immaterial and the results may be 
considered the “ long period average.” The previous annual rainfall map which was 
published by the late Dr. E. Kidson in 1930 had for its standard epoch the thirty-five 
years, 1891-1925. 'fhe increased information accumulated since then has not led to 
any drastic change in the annual isohyets, although numerous \ariations in detail will 
be at once apparent. 

ft may be remarked that comparisons among the records for tlu* purpose of 
reduction of the available average to that of the basic period seem least satisfactory 
in the North Auckland and Gisborne districts, where the variations within short 
distances have at times been very erratic. 

Average rainfall maps for the odd months were included in the article b\^ E. Kidson 
on “Climatology of New Zealand,” published in Koppen and Geiger’s “ Haiulbuch der 
Klimatologie,” Band TV, Teil 8 (ITerlin. 19.32). 3'he present set of twelve -monthly 
maps is drawn in rather greater detail. To utilize short records to the best advantage, 
the standard method of preparing the monthly maps is as follows and may appear at 
first sight unduly complex. Available lengthy records were averaged over their full 
period and the monthly averages were expressed as a percentage of the annual average. 
These percentages were plotted on separate maps for each of the twelve months and 
lines of equal percentages (isomers) were drawn. The greatest weight was given to the 
longest records, and to draw the isomeric patterns a certain amount of smoothing wa‘< 
involved. The percentage rainfalls were then re-estimated from the final isomers on 
the maps at all places for which there ivas sufficient information to derive a direct or 
estimated value of the average annual rainfall for 1901-30, and percentages thus found 
were applied to these annual values. The monthly totals so obtained were the basis 
of the maps shown here, there being 531 sets of figures for the North Island and 417 
for the South. The process outlined eliminates largely the very appreciable effects of 
abnormal months upon the averages obtained directly from records covering short or 
moderate periods only. 

For the rain-day map the precise |>eriod was not critical, and direct averages were 
used and supplemented by estimates when the record was no more than a few years 
in length. 
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Summary 

'1 Ins jmpur presonts the re.sultH of « recoiinniHhunoe sur\ey of the ironsHiul 
deposits in Westinere and NulcumHrn Snr\ey Districts, \\(‘st of \\anganiii. 
K\tenM\e I*Jei.siocene deposits nmleidvin^ jrood farmin^f land are unlikely to 
be utilizeil as iron-ore ; they are estimated to contain from I, ‘10,01)0,000 tons to 
250,000,000 tons of titanoma^fnetite. Recent beach and dune sands have been 
mapped in more detail, and the (piantity of titanomajinetite in them estimated 
at about 22,0(Ki,000 tons. 

The sands arc lo\v-grad(‘ iron-ores, the mean content of titanomaioietite 
being under 20 per cent. Kstimation of tlie quantities of titanomagnetite has 
been based cm magnetic setia rations, folJoucd by grain-count analyses of the 
magnetic fractions, of thirty -seven sand samples by T)r. (’.(). H utton, T^tpologist, 
N.Z. Geological Survey. Quantitative analyses by Mr. ,1. .1. S. Gomes, Dominion 
J..aboratory, for acid-soluble ir<ni. titanium, and \anaduun have shown that 
the magnetic fractions of Wanganui and Patea sands are closely similar. 


Introduction 

The possible use of New Zealand ironvsands as a source of iron, titanium, 
and vanadium has recently been reviewed })v Brian Mason (1945). Th(‘ 
rcvsults of detailed surveys of two ironsaud areas in Taranaki Patea and 
Fitzroy -have been published by C. O. Hutton (194(1, 1945). Full 
references to previous work on New Zealand ironsands are to be found 
in the three papers cited. 

The present report is the result of a reconnaissance survey of extensive 
low-grade ironsand deposits in Westmere and Nukuiuaru Survey Districts 
undertaken by the writer (with the assistance of Mr. A. C. Beck, N.Z. 
Geological Survey) in the early months of 1945. The work was done as part 
of the regional geological mapping of the Wanganui Subdivision, as yet 
incomplete. 
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The ironsand-ores consist of beach and dune sand deposits of Recent 
age, together with similar deposits of Pleistocene age. The Pleistocene 
deposits form the coverhead of two marked coastal benches (which have 
been named the Brunswick and Rapanui Terraces) and underlie first-grade 
agricultural land. For this reason it is unlikely that they will be worked, 
and detailed quantities have not been assessed. 

The titanomagnetite sands of Taranaki and West Wellington are believed 
to be derived from the effusive products of the augite-andesite cone. Mount 
Egmont. No evidence has been seen that Egmont was active in latest 
Pliocene (Castleclifl&an) times, and there is evidence that derivatives from 
Egmont first appeared in the Wanganui area after the earliest beds covering 
the Brunswick Terrace were deposited. 


Classification of Ironsand Deposits 

The s(»diments overlying the upper (Brunswick) Marine Terrace an<l 
their correlatives have been named the Brunswick Formation, and thos(» 
over the lower (Rapanui) Terrace the Rapanui Formation. 

(1) PleivStocene ores of the Brunswick Formation (? Mid-Pleistocene) : — 

(a) Pebbly beach sands. 

(b) Magnetite-rich beach sands. 

(c) Dune sands. 

(2) Pleistocene ores of the Rapanui Formation (Late Pleistocene) : — 

(a) Beach sands, 

(b) Rapanui dune sands. 

(3) Recent ironsand deposits : — 

(a) Beach sands. 

(b) Dune sands — 

(i) Nukumaru Dune Complex (Fig. 2). 

(ii) Okehu Dune Complex (Fig. 3). 

(hi) Kai Iwi Dune Complex (Fig. 3). 

(iv) Westmere Dune Complex (Fig. 4). 


Pleistoc^ene Ironsand Deposits 

Pleisto(?ene stratigraphy will not be discussed in detail, but it may be 
noted that the two formations recognized are roughly equivalent to the 
Drift Formation of Park (1887) and the Hawera Series of Thomson (1917). 
The Brunswick Terrace, a smooth, gently sloping coastal plain, falls from 
500 ft. to 400 ft., where a scarp leads down to the lower and younger 
Rapanui Terrace, falling seaward from a height of about 300 ft. (Fig. 1). 
The cover on both terraces consists of marine sands and conglomerates, 
interfingering fluviatile deposits, old land surfaces with soils, ash horizons, 
lignites, and consolidated dune sands. These deposits are preserved on 
wide interfluves, but have been removed from the valleys of streams deeply 
entrenched below them. 


Pleistocene Ores of the Brunswick Formation 

(a) Brunswick Pebbly Sands. — These, the basal beds of the Brunswick 
Formation, are poor in magnetite in theii lower portions, but magnetite is 
more abundant at higher horizons. The 3eds are pebbly, have, in general, 
a heavy overburden, and are not of hign grade. They are thus of little 
significance as potential ores. 
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(h) Brunswick Magnetite-rich Beach Satid. — Overlying the basal pebbly 
sands, in places separated from them by fluviatile beds, and elsewhere 
transgressing on to the Pliocene basement, is a bed of fine-grained, well- 
sorted, magnetite-rich sands finely current bedded at low angles, with 
paystreaks rich in magnetite, and with a grading pointing to long-continued 
beach sorting at a time when little waste was being supplied to the coasts. 
The bed varies from under 10 ft. to over 20 ft. in thickness. The sample 
analysed (Table I, No. 13) has a high percentage of magnetite (91 per cent.), 
and though this is an exceptionally high grade the sand is consid(‘red good 
ore. The quantity of sand in the area is in the order of 150,(X)0,(KK) tons, 
but, in general, it lies below a heavy overburden of lower-grade dune sands 
and under good farming country, so the possibility of its use as ot(» is remote. 

(c) Brunswick Dune Sands. — With the exception of a superficial layer of 
soil and ash shower deposit, the upper 10 ft. to 40 ft. of Brunswick s<‘dim(*nt 
is compos(‘d of coarse dune-b(*dded sands similar in their magnetite* content 
to the Recent dune sand. The amount of such sand in We'stmen* and 
Nukumaru Survey Districts is in the order of 4(X),(XX),(XK) tons. 

On interfluves rising above and north of the Brunswick Terrace, 
extensive deposits of wind-blown ironsand mantle an old land surface 
developed in Pliocene rocks up to a height of 1,100 ft. These sands are 
believed to have been deposited at about the same* time as the dune sands 
of the Brunswick Terrace?. The sands are in large quantities, but are limited 
to interfluves in deeply dissected country separated by valleys with relief 
of about 5(X)ft., and most of the deposits are difficult to get at. 

Brunswick dune sands contain from 10 per cent, to 25 per cent, magnetite 
(Table 1), the mean of five samples being 15 per cent. An additioi\al sample 
(No. 22) from a height of 950 ft. on the Rangitatau West Road is believed 
to have undergone water sorting, for it is well graded and contains 77*5 
per cent, of magnetite. 


Pleistocene Ores of the Rapanui Fortmtion 

(a) Rapanui Beach Sands. —The basal beds of the sedimentary cover of 
the Rapanui Terrace are similar to the lowest beds of the Brunswick 
Formation, but are much richer in magnetite. Pebbly sands averaging 
about 15 ft. in thickness give way to about 10 ft. of well-sorted beach .sands 
underlying a fossil land surface with lignite, ash deposits, and trunks of trees. 

As the sands crop out rarely except on th(* coast, they are diflicult to 
estimate, but reach the general order of 150,(XX),(XJ0 tons. The only sample 
of Rapanui beach samls analysed contained 17*3 per cent, magnetite 
(No. 28, Table 1). 

(h) Rapanui Dime Sands.- A bed of indurated dune sand of varying 
thickness (0 ft. to 25 ft.) overlies the lignite horizon in the Rapanui 
Formation. There appear to be some 1()0,000,(XX) tons to 2(X),(XX1,(XK) tons 
underlying the surface of the Rapanui Terrace with a shallow soil overburden, 
but, owing to poverty of outcrops, data on the inland part of the section 
are inadequate. 

A discontinuous belt of low dune hillocks caps the scarp separating the 
Rapanui from the Brunswick Terrace. These dunes (Fig. 1) are believed 
to be contemporaneous with tlie dune sands underlying the Rapanui 
Terrace. The amount of sand contained in these Rapanui dunes is not 
large, compared with the quantities of other Pleistocene ironsand. 

Dune sands of the Rapanui Formation contain 11*8 per cent, to 18*9 
per cent, of magnetite, the mean of four determinations being 16*3 per 
cent. (Table I), 
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Summary ok J'leistockne Ironsands 


— 

Apprnximalt* Ti>nmi>!t> 
(-•111*) 

Mean Ppn‘(*nt.‘i‘»e 
of Majinetite, 

AiJ|irM\inmt,e Tonnage 
of Mairiietite 
( io«). 

Brunswick beach sands 

150 

91 (one sample 
<inlv) 

30 to 130 

Brunswick dune sands 

400 

‘jf) 

()0 

Rapaniii beach sands . . 

loi) 

17H 

2.) 

Bapamii dime sands . . 

]00 to 200 


10 to 32 

Total magnetite . . 



131 to 247 


No high degruu of accuracy is chiiiucd for the ahov(‘ figures, which iiever- 
the](‘ss fairly represent the inagiiitu<l(‘ of the Pleistocene deposits, lii some 
cases the nuniher of determinations of magn(‘tite is too small to give a fair 
representation of the (piality of the sand. 

Utilization of the Pleistocene sands wouhl entail the destruction of about 
20 square miles of tirst-(*lass farming-land, and it is thus unlikely to b(‘ 
(‘xploited. It may be objected that a moliile separation plant could replace 
rejected material (largi'ly silicate minerals), which, when fixed, could become 
a reasonably good soil, liut much of the fertility of tin* land is due to a thin 
superficial layer of andesitic ash (probai)ly the “ Egmont shower ” of (irange 
and Taylor, 1933) which overlies the Brunswick ironsands, anti this would 
be difficult to replace. 

Although the Pleistocene ores are unlikely to be worked as a whole, 
utilization of Recent dune sands where they overlie Rafianui beds could be 
readily exttmded to the underlying Pleistocene c()nsoli(lat(*d sands. 


HE(’KNT Ironsant) Uei'osjts 

The Recent ironsands consist of a narrow thin strip of beach sands 
veneering the wave-cut platform below the sea-cliffs, and of much larger 
quantities of sand in multicych* dunes capping the cliffs in four areas 
separated bv the courses of tin* Kai Iwi, Ok(*hu, and Ototoka Streams 
(Fig. 1). 

(a) Recmt Beach Sands 

The beach from Nukumaru to Castlecliff consists of a senetT of sand over 
a wave-cut ])latform which is exposed in places. The sand vimeer is 
usually over 3 ft. in depth, and at Casth‘clift‘ biTomes deepin' where sand 
transported from the north encroaches upon the submarine (})ossibly some- 
what subsided) trough of the Wanganui River. Sand was pimetrated by 
piles for the North Mole to depths of over 30 ft. 

Th(* dominant longshore drift is to the south-eastward and beach sand 
is moving slowly southward, forming extensive bars north of the mouths 
of smaller streams which flow athwart its course. The sand is delayed 
by such streams, but jieriodic changes in the outlets of a, stream, which 
breaks through the neck of a bar at times of flood, allows the sand of the 
bar to resume its south-eastward movement. 

The heavier fractions in the sand, including magnetite, do not travel 
so rapidly as the lighter silicate minerals, and with increasing distance 
from Egmont the percentage of magnetite in beach sand falls from 65 per 
cent, in one sample from Nukumaru (Table 1, No. 27) to 4*2 })er (ient. at 
Castlecliff (mean of three samples). The rapidity of this decrease in quality 
of the beach ironsand is related not only to the increasing distance from 
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the source, but also to dilution of Egmoiit-derived sand by poorly ferriferous 
sediments brought down by the Wanganui River. 

Against the North Mole at the mouth of the Wanganui River sand has 
built out to a distance of over 20 chains since the mole was built in 1884 
(judging from photographs taken at that time). The effects of this pro- 
gradation extend for about two miles north of the river mouth, but the 
amount of sand added in the period of sixty years, though considerable, is 
but a fraction of the total amount of sand that has travelh^d south to 
Castlecliff in that period, for large amounts have b(»en blown inland or 
carried seaward by the Wanganui River. 

The quajitities of beach sand in the area covered by this paper (Table II) 
are estimated on the inference of an average depth of 3 ft. of sand on the 
beach strip, the area of which has been determined from available maps 
and from aerial photographs. 


(h) Recent Dane Sands 

The Recent dune sands form a discontinuous coastal belt, interrupted 
by the valleys of the main streams, and extending inland from the coastal 
cliff's for distances of one-half to three miles. Tlu‘ dunes ov(*rlie the surface' 
of the Rapanui Terrace or, locally, terraces at lower levels cut by the 
Wanganui River. The Kai Twi, Okehu, and Ototoka streams separate* 
fe)ur unequally sizeel elune complexes which have been given names for 
convenience of description (Fig. 1). 

(1) Nuhjmaru Dune Complex. - The Nukumaru dune comple*x (Figs. 2 
and 5) lies between the coast and the railway (a distane^e of iij) to a mile and a 
half) and extends from the western boundary of Nukumaru Hurv'ey District 
(the limit (jf the present survey) to the Ototoka Stream, a distanci* of thn'e 
miles. It covers approximately 2,2(K) acres. In this area an old geiu'ration 
of fixed dunes has been attacked and deflated along its seaward margin, and 
the sand so produced is advancing as a median belt of active dunes over- 
whelming, in a landward direction, fixed dunes of the older generation. 

The active dunes form a discontinuous belt averaging 30 chains in width, 
generally parallel to the coast, and made up of a series of longitudinal 
tongues advancing north-eastward from narrow “ sand plains ’’ where 
water table is exposed, and separated from each other by narrow sinuous 
clefts defined by opposing sandfall faces. 

The landward belt of fixed dunejf, towards which the active belt is 
advancing, consists of parabolic dune ridges separated by inter-dune flats. 
Each parabolic dune is hairpin-shaped in jilaii, roughly symmetrical in 
cross-section, and increases in both surface area and height from the trailing 
“ wings ” to the apex of the hairpin. The crests of the ridges are irregular 
in height and the margins are usually finely scolloped. The parabolic dunes 
rise from the flat surface of the Rapanui Terrace ; a veneer of unconsoli- 
dated sand usually covers such flats, and the dune ridges themselves, though 
fixed, are of unconsolidated sand. The parabolic dunes have an axis — 
i.e., the bisectrix of their two arms varying in direction from N. 8(r E. 
to N. 120° E., hut the dominant direction is due east. The maximum 
height of each ridge varies from 35 ft. to 75 ft. above the inter-dune flats 
and the greatest width of their surface plan from 2 chains to 10 chains. 
They show a tendency to be “ nested.” 

The seaward belt of deflated dunes at Nukumaru is composed of an 
irregular jumble of ridges, knolls, and flats, incompletely fixed by marram, 
SpintfeXj and lupin, and including small blow-outs and active dunes. In 
places wind scour has exposed the indurated ironsands of the Rapanui 
Formation, and locally, near the coast, the whole thickness of Rapanui 
beds has been deflated, and a “ lag gravel ” of andesite and quartzite pebbles 
(locally forming dreikaftter) from the Rapanui conglomerates rests on the 
surface of Pliocene shell rock. 
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(2) Okehu Dune Cotuplex (Fif^. 3). — Between the mouths of the Okehu 
and Ototoka streams a roughly semicircular area of duii(‘ sands (874 acres) 
extends inland from the coast for a maximum distance of 65 chains. Two 
separate bodies of active sand are similar to the Nukumaru active dune 
belt, except that they have overwhelmed any fixed dunes of a previous 
generation which may have (*xisted along the landward edge of the complex. 



Fin. 2. 


(3) Kai Iwi Dttm Complex (Fig, 3). -The Kai Iwi dune complex, between 
the mouths of Okehu and Kai Iwi streams, is small in area (130 acres) and 
consists of irregular hummocky deflated dunes mainly fixed by lupin, with 
a few active patches along the cliff top. 
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(4) Westmere Dune Contplex (Figs. 4 and 6). — This name has been giv^en to 
the extensive dune ridges occupying an irregularly triangular area between the 
Wanganui Valley, the coast, and the Westmere-Rapanui Road. From the 
Rapanui Terrace the land falls by a series of terraced steps which are 
apparently sub-Rapanui terraces formed by the Wanganui River. The 
dunes lie for the most part on the sub-Rapanui surfaces, but have reached 
the Rapanui Terrace itself between Lakes Westmere and Virginia. 

An irregular belt of fixed dunes foots the low scarp separating the 
Rapanui Terrace from a somewhat lower surface to the south of Rapanui 
Road, and similar irregular dune ridges extend across the Grt*at North- 
west Road towards Lake Virginia. Occasionally parabolic and longitudinal 
forms with an east-west axis occur, but the original outlines are in most 
cases hard to define. 

A strip of country extending west of Westmere and Lake Virginia is 
occupied by large parabolic dunes with a width, in places, of up to 8 chains 
or 10 chains, and with heights above the flat inter-dune surfaces of up to 
70 ft. (mean, 40 ft.). Successive parabolic dunes are frequently nested, 
one within the other. In size and form they resemble the landward belt 
of fixed parabolic dunes at Nukumaru. Westward towards th(‘ sea-cliff, 
and southwards on successively lower terrace lev(*ls, tht^ parabolic dunes 
are narrower in surface plan and lower in height, and linear longitudinal 
dunes dinicted about KX)"' E. become the dominant form. Some of such 
longitudinal ridges are only a chain wide, range from 15ft. or 20 ft. high 
to nothing, and are three-quarters of a mile long. 

All the dunes described are fixed by V€*.getation, except where local 
human influenc(i has bared the sand. Only near th(‘ coast are there small 
areas of deflated dunes and local “ blow outs near the cliff (*(lge whore 
active sand is exposed. 

Wherever sections have been seen, a few feet of sai ul venoin's the 
indurated Pleistocene sand or river terrace deposits which uiulerlH* the 
inter-dune flats. The water-table may be near or at tin* surface on such 
flats, and swamps arc* occasionally present. 

Quantitiks of Ironsand in Recent Deposits 
Beach ^Sand 

B(*tween Fishing Rock, Nukumaru, and the North Mole*, Castlecliff*, 
there are twelve miles and a half of coast-line along which ironsaiul 
beaches are generally present below the cliff’s. At Nukumaru beach, sand 
contains up to 65 per cent, magnetite, but the grade falls to 31 p(*r cent, 
at Kai Twi, 8-5 per cent, at a point two miles and a quarter north-west of 
Castlecliff, and 4*2 per cent, (mean of three determinations) at the North 
Mole, Castlecliff (see Table I) Quantities of beach sand are based on 
measurement from aerial photographs and other surveys of the area of 
beach, on the inference that beach sands extend to an average depth of 
3 ft. Quantities are presented under two headings : — 

(a) From Castlecliff to the mouth of Kai Iwi Stream. 

(h) From Kai Iwi to Nukumaru. 

Dune Sands 

' In tlto ^ase of dune sands, quantities are estimated by different methods 
for diff€i^|areas. In the Nukumaru complex the seaward belt of deflated 
duniiJililTOssessed by allowing a mean thickness of 6 ft. of sand over the 
whole area, a figure which is believed to be low, as some irregular ridges 
lisje 40ft. above their base, and it is only in limited areas that the Pleisto- 
cene and Pliocene rocks --below the dunes have been swept clear of sand. 
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The quantities of sand in the active dune belt is estimated from the 
formula q ~ ^ (a), where h — spot heights on dune ridges, b =- base 


of dune at the spot height, interpolated from geological considerations, 
n — number of spot heights, and a == area covered by active dune. The 
landward fixed dune ridges are similarly estimated and a depth of 3 ft. 
of sand allowed on the inter-dune flats between the ridges, as justified by 
exposures in ditches. The Okehu and Kai Iwi dune complexes have been 
estimated in the same way, allowing a mean depth of 6 ft. on the deflated 
and semi-fixed areas and from the formula expressed abov^e for active belts. 

The large Westmere dune complex was divided primarily into s(*mi- 
fixed and deflated areas of negligible agricultural value and fixed dune in 
areas of pasture, plantations, golf-links, &;c. “ Built-up ” areas adjacent 

to the Wanganui suburbs of Castlecliff and Mosstown have been omitted 
from consideration. The dunes were assessed by calculating the total 
area occupied by ridges and utilizing the known heights of dune ridges and 
of the surfaces above which they rise. Three feet of sand has b(»en allowed 


on the flats between ridges, and these quantities have been assessed 
separately, as the flats are better agricultural land than the ridges. 

Nineteen grab samples of sand from difterent dune comph^xes and 
difl’erent parts of the complexes have been analysed })y electro-magnetic 
separation and the magnetic fraction submitted to grain count ))y Dr. C. O. 
Hutton, Petrologist, N.Z. Geological Survey. The })ercentage of magnetit<‘ 
in the sand has been assessed by multiplying the magnetic fraction })er- 
centage (which is a percentage by weight) by th(» percentage of magnetite 
in the magnetic fraction (which is a percentage by grain count). It is thus 
assumed that the mean weight of the usually small magnetite grains 
approximates that of the usually more bulky silicate* grains in the magnetic 
fraction. The results, for individual samples, are presented in Table 1. 

The tonnage of sand (Table Tl) is obtained by multiplying the cubic 
yardage of sand (derived as indicated in the above paragraphs) by a factor 
varying from about l-b to 1-75, according to the mean magnetite content of 
sand from the area concerned. The tonnage of magnetite is obtain(‘d by 
multiplying the tonnage of sand by the m(*an percentage of magnetite m 
samples from the area. It should be noted that the results are liable to 
several sources of error and it is not possible to static the limits of error on 
the information avjtilable. For instance, in three samples collected from 
one active dune (Table I, Nos. 35, 36, and 37) within an area of less than 
an acre, magnetite ranges from 5-1 per cent, to 21-9 per cent., and without 
knowledge of the internal structure of the dunes, only arithmetic means 
of such grab samples can be used in estimating quantities of magnetite. 


Quality of Ironsand 

Table I presents the results of Dr. Hutton’s electromagnetic and grain 
count analyses of Wanganui sands. These results have been used in the 
assessment of quantities of magnetite, but to allow detailed comparison of the 
magnetic fractions of the sand in the Wanganui area with sands previously 
studied by the Mines Department at Patea (unpublished investigations 
noted by Mason, 1945, p. 228) four samples of Wanganui sand were submitted 
to the Dominion Laboratory for quantitative determinations of soluble iron. 

Table III presents the results of the analyses by Mr. J. J. S. Comes, 
Botirinion Laboratory, together with analyses of sand from Patea, Wairoa 
Survey District, and Whenuakura River mouth. The analyst notes that, in 
the case of the Wanganui samples, “ each of the four original sands was 
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separated by tneans of a weak magnet into two fractions, one strongly 
magnetic, and the other, the remainder, much of which was feebly to 
moderately magnetic. Both fractions, after fine grinding, were analysed 
for iron .soluble in concentrated hydrochloric acid containing stannous 





Fio. 5. — Aerial photograph of part of Nukumaru . dune complex. Active dunes 
{a) advancing north-eastward exposing the Water-table as dark strips. Older fixed 
parabolic dunes (6) have apparently advanced in an east-south-east direction. 
l>efiated dunes along coast and in bottom right comer. 

chloride, which would dissolve free magnetite or magnetite inclusions in the 
silicates. For comparison, some results previously found for composite 
samples p[iade from samples of sand from Patea-Wairoa beaches are given 
(^able III (a), (6), (c), (d) ). In this canse the percentage of acid-soluble 
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iron had been dettirniined in the orif^inal sand and in the strongly magnetic 
fraction, from which data the soluble iron in the feel)ly magnetic fraction 
has now been calculated as per cent, by weight on the comf)lete sand.’' 

The strongly magnetic fraction in the Patea-Wairoa sands is in general 
greater than in the Wanganui sands, but the percentage of acid-soluble 



Fig. 6. — Aerial photograph of part of Westmere dun€» complex north of CastlcclifF, 
showing east-south-east orientation of fixed longitudinal dune ridges and of elongate 
parabolic dunes. 


iron in the magnetic fractions from both areas is so similar that it is fair 
to consider the magnetic fractions of the sands from the two areas of 
equivalent ore Value. 
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The results by chemical analysis cannot be compared prticisely with 
the results by electromagnetic and grain count analysis, since different 
magnetic fields may have been used in the two cases, and, in the chemical 
analyses, silicates with magnetite inclusions could not be eliminated from 
the magnetic fraction. 

Ill his reports on Patea and Fitzroy sands, C. 0. Hutton has shown 
(1940, p. 195 b ; 1945, p. 294) that screening prior to electromagnetic 
separation will result in a much more effective concentration of magnetite 
than can be obtained by magnetic separation alone. The same may be 
said of Wanganui sand. The following is the result of mechanical analysis 
of 100 g. of a typical sand (sample No. 41) and the number of grains of 
magnetite in a 100 g. of the separate fractions. Dr. Hutton, in his manuscrij)t 
report to the writ(*r, notes that by preliminary screening through 60 mesh, 
a good concentrate for subsequent electromagnetic separation may be 
obtained. 
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The writer is indebted to Dr. C. 0. Hutton and Mr. J. J. S. Comes for 
the analytical work accredited to them in the text, and to Mr. A. C. Beck 
for assistance in the field and laboratory. Thanks are due to the 8urv(»yor- 
General, Lands and Surv(^y Department, for j)ermission to publish the aerial 
photographs. 
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Table I. — KLECTiioMAONETrc and Grain Count Analysis ok Ironsands West op 
Wa ncunui River (by Dr. C. O. Hutton, Petrolooist) 


Sample No. 

Lodility. 

Attractpfl in 
Electro- 
magnet ir 
Field 

(by VVemht). 

Magnetite in 
Attiacted 
Fractitm. 

Magnetite 
in Total 
Sand. 

1 

1 

13 

1 

PUifitocene Ironsands 

Rrunswick magnetite beach saiidfi, Ototoka section . . 

Per (Vnt. 
93-90 

Per Cent. 
97 

Per ( 'ent. 
91-0 

22 

Brunswick sand at 050 ft., Kangitatau West Road . . 

81 -8 

88 

77-5 

12 

Brunswick dune sand, Okebu section 

25-50 

1)5 

10-0 

15 

Brunswick dune sand, Ototoka section 

37 94 

0() 

25-0 

10 

Brunswick dune sand, Ototoka section 

14()0 

07 

9-8 

10 

Brunswick dune sand, 120 chains south of Pukctarata 

9 80 

82 

8-0 

24 

Trig., Nukuinaru Survey District 

Brunswick dune sand, at 1,000 ft. on Rangitutaii 

20 10 

07 

17-5 

28 

West Road 

Rapanui beach sand, Niikiimani Beach .. 

29 40 

.5(1 

17-3 

« 1 

Rapanui dunes at Mount Smith . . . . . . 

30-40 

01 

18-5 

20 

Rapanui dune sand, Niikumarii Beach 

28 10 

07 

18-9 

30 

Rapanui dunes, 1 mile north of Nukumarn station . . ! 

32 94 

4!» 

10-2 

49 

Rnpanui dune, 44 chains north of Scafield Trig., 
Westmere Survey District 

Rf'ient Hearh Sands 

Mid tide, beach inunediatelv under North Mol(‘, 

21 40 

55 

11-8 

1 

18 90 

SO 

15-02 

2 

Castlecliff 

High tide, beach at North Mole, ('astlccliff 

11-90 

13 

1.55 

21 

Dug sample depth 3 ft. 0 in., at North Mole, 

12 00 

21 

2-05 

4 

Castlecliff 

High ti<)c mark, 2J miles north->%est of Wanganui 

10-40 

52 

S-53 

20 

River mouth 

High-tide mark, Kai Ini Beach . . 

43- 10 

74 

31-8 

*27 

Mid-tide mark, Nukumarn Beach 

74-80 

87 

05-0 

30 

Hveeni Dune Sands 

Nukumarn dune complex— 

Active dune mair coast, 120 chains at 195 from 

33 50 

48 

10-1 

31 

N u k u rn a r u R a i 1 way - s ta 1 1 o n 

Interdune flai in <h*flated area, 105 chains south 

28 40 

71 

20 2 

32 

of Nukumarn Railway-station 

Ridge in detlated area 90 chains south of Nukumarn 

29 84 

0() 

19-7 

♦33 

Had way -station 

Sand plain behind active dune, 58 chains south of 

32 94 

()2 

20-3 

*35 

N uk um ar u Ra il v\ ay -station 

Sandfall of active dune 

25 • 50 

20 

5-1 

30 

Crest of active dune . . . . . . . . I 

37 80 

58 

21-9 

37 

Tail of active dune, 50 chains south of Nukumarn 

27 • 20 

54 

14-7 

38 

Railway -station 

Fi.xed dune, 20 chains south-east of Nukumarn 

35 80 

.5t5 

20-0 

41 

Railway-atati<jn 

Okehii dune complex — 

Seaward edge, active dune 

35- 10 

79 

27-8 

42 

Landward edge, active dune . . 

.30-04 

()3 

19-3 

3 

Westmere dune complex — 

8 chains from high-tide mark, ('astlecliff 

12.30 

40 

4*7 

5 

Top of active ram]i to clifF top. North <*iid, 

15-10 

70 

10-0 

6 

Castlecliff* Beach 

Fixed dune ridge, 88 chains at 250"^^ from Day Trig., 

20-20 

85 

18-7 

*7 

Westmere Survey District . . 

Fixed dune ridge, 72 chains at 215 ’ from Day Trig. 

19-24 

51 

10-0 

43 

Fixed dune ridge% 72 chains at 190’ from Day Trig. 

27-44 

51 

13 9 

44 

Fixed dune, 48 chains at 118' from Day Trig. 

20-02 

40 

12-2 

45 

Fixed dune ridge, 48 chains at 153 ’ from Westmere 

31-20 

m 

17-5 

47 

Trig., Westmere Survey District 

Fixed dune, 4 chains south of Westmere Trig. . . 

22-80 

27 

0-1 

48 

Fixed dune, 00 chains at 103' from Westmere Trig. 

23 -.50 

35 

I 

8-2 


• Chemical analyHOH Ibr arid-soluble irou In Mami)Ies marked thus ore presented In Table III. 
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Table II.— Estimated Quantities of Titanobiaonetite-Ironsand Ore in Deposits op 
Recent Age in Area West of Wanganui River 


Area and 'lype (»f Deponit. 

Approximate 
Tonnage of 
Irons^and. 

Mean Per- 
centage of 
Magnetic, 
Vractlon. 

Approximate 
Mean Per- 
centage of 
Titaiio* 
magnetite in 
Total Sand 

Apiiroxiraate 
Tonnage of 
7’ltano- 

inagiictlte. 

1. Beach sands - - 

* Uastlecliff to Kai Iwi 

* Kai Iwi to Nukumani 

1.820, (KM) 

1 ,020,000 

20-0 

.58-9 

14 n 
4S‘4 

275,720 

493,080 

Total, beach sand 

2, 840, (KM) 



709,400 

11. Nukumaru durn* complex — 

* Deflated dune belt . . 

* Active dune belt 

Fixed dune belt 

1.3, 000. (KK) 
35,700,000 
8,800,0()0 

.30 *0 

30 8 

35 >8 

IS'7 

1.V.5 

20(1 

2.431.000 
5,433,500 

1.700.000 

Total, Nukumaru dunes 

.77,500,000 


9,024,500 

III, Okehu dune complex — 

* Active dune belt . . 

* Deflated dune belt 

1(),8(K),0()0 
9,030, 000 

j 32-(» 

23-l> 1 

2,448,800 

2,272,080 

i 

Total, Okehu dunes . . 

2(),430,fK)0 


1 . 4,721,480 

* IV. Kai Iwi dune complex 

2,020,000 

No samples ; taken as 
18 per cent . mairnetiti* 

SUH.tiOO 

V. Westmere dune complex - 

* Active deflated, semi-fixed dunes of 
negligible agricultural value 

Fixed dune ridges in pasture . . 

Inter-dune flats in pasture 

15.000. 000 

ll),505,(M)() 

20.000. 000 

1 

22 'W 

J 

1 

12«l 

1 

1,815,(K)0 

2,307,305 

3,140,000 

'JVital, Westmere dunes 

00,. 505, 000 



7,328,305 

Total in areas of negligible 
agricultural value (sum of 
items marked *) 

88,990,(K)0 



15,r)33,!)80 

Grand total 

143,355,000 



22,807,345 


* Artiu» uf negligible agricultural valu«‘. 
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Table III. — AnalyheIvS for Ac'in-soLFBLE Iron in Stronol\ MAtiNETic and Keisidual 
Fractions ok Ironsand from Wanoanci District and from Uatka, Watroa Survey 
District, and VViienihrura River, by Dominion LAB()RAT«m\ (.). S. Cornes, Anat<yst>) 


L. lOfil I 



Strongly magnetic fraction in loo tr. 
of original sand 

Acid-aoluble Fe in 100 g. of htr«)ngly 
magnetic fraction 

Acid-soluhle Fe of strongly magnetic 
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L. JfiU-] .. 


1. m4 '2 .. 


L. .. 


L. mi-f .. 

(«) 

(*) 

(c) 

(</) 


.. ( - No. 7 d Tabic 1) Westmere Survey D'striel ; fixed dune 
72 ch mis at 21.5 from Day Trig. 

.. ( -No. 27 <»1 Tabic 1.) Nukuinaru Survty District beach sand, 

Nukumani Reach. 

( = No. 3H ol Table T.) NTiknmarii Survey Distnct sand plain; 

.50 ehains south of Nukumani 11 uhva y-statiou. 

( — No. 3.5 ol Table I.) Niikumaru Survey District .tefive dune; 
.50 chains south of Nukumani Railway-station 
.. \ Carlyle Survey Distrnd, Patca. Coinfiositcs made nj) bom Dominion 
., j Laboratory sjiccimcns, E. 1S04 (1 77). 

Wairoa Survey District (\)mpositc from Dominion Laboratory, 
specimens E. 2547 (1-40). 

. . Wairoa Survey District, Wheniiakura Diver. Composite from 
Dominion Laboratory specimens E. 2.54S (1-33). 


The magnetic fraction of sample L. Di.54-2, comprising 52 per cent, of tlie original sand 
and containing 57*() per cent. Fe, was analysc*d for vanadium and for titanium dioxide, with 
the result ; — 


Vanadium (V) as metal, per cent. . . . . . . . 0 24 

Titanium dioxide (TiOg), per cent. .. .. .. .. 8'0r> 

The Wanganui sands are therefore very like other Taranaki black sands. 
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Dune Form and Wind Djbection 

The dunes of the Wanganui coast fall into four main groups : — 

(1) Actively advancing source-bordering lea dunes, parallel to the coast and 
normal to the general direction of sand movement. These are made up of a close array 
of longitudinal tongues in parallel series, the general direction of movement being normal 
to the elongation of the whole belt ((’otton, 1942. pp. 199-7). Individually the 
longitudinal tongues are Iom' and rounded, their fronts fan-like but not particularly 
steep, their upwind slopes gentle and tailing off into narrow' “ sand plains ” (Cockayne, 
1911, p. 14), deflated flats where the water-table has been exposed and which stand 
out clearly as dark areas in the aerial photographs (Figs. 5 and 6). Laterally the 
longitudinal ridges are almost all steep-sided to the north, where sandfall slopes are 
developed, forming a narrow sinuous cleft between one ridge and the next. The southern 
boundaries of the ridges are usually gentler, but in places strong saiidfalls are developiul. 

The active dunes of the Nukumaru and Okehu complexes fall into this category. 
Comparison with the wund direction percentage frequencies (kindly supplied by the 
Director of Meteorological Services) shows that the individual tongues making up such 
active dunes are advancing parallel tf) the resultant direction, bisecting the angle between 
the two dominant strong wind directions.* The structure of such longitudinal dunes, 
w'hich are elongated parallel to the r<‘siiltant axis of tw'o storm wind directions, is 
discussed by llagnold (1941, p. 224, Fig. 79), who includes them in the general cat(*gory 
of “ seif dunes.” 

(2) Parabolic fixed dunes, best exemplified by the landward belt at Nukumaru, 
and also in the Westmere dune complex. Parabolic dunes are generally regarded as 
“blow out” features rc'sulting from the e.xcavatioii of a broad and expanding hollow 
down to the w'ater-table due to local destruction of vegetal cover and the building of a 
ringlike mound in advance of the blow'-out. Parabolic dunes have also be‘en describetl 
as a(5cretion forms. The absence of ” active ” parabolic dunes in the Wanganui district 
inclines the writer to Melton’s (1940, p. 129) view’ that they are the result of deflation 
in dune areas fixed by vegetation. Melton (p. 134-5) believes tliat ” cross winds of equal 
effectiveness . . . do not produce the simple round, oval, and elongate blow- 
outs . . . formed under the mon* simple conditions” (when the effective sand- 
inoving wind blows with constant direction). It seems difficult to reconcile the orienta- 
tion of the fiixed parabolic dunes with the present wind regime. They suggest formation 
by dominant w’esterlies. 

(3) Regular narrow' longitudinal dunes. These are w ell developed on the various sub- 
llapanui surfaces near (.’astlecliff in the Westmere dune complex. They are all fixed, 
ami no active dunes of this or the preceding tyjies occur. Narrow longitudinal dunes 
have been interpreted as due to dow'nward growth from some extremely localized 
source, as “ wind shadow' lee dunes ” (Melton, p. 133) or as “ tongues extending landward 
from a foredune” ((kitton, 1942, j). 109). Melton believes that “longitudinal dunes 
arc the most sensitive of all dunes to change of wind direction ” and “ cannot develop 
the extremely elongate form ... if the effective w'lnd varies in direction more 
than 1^ or 2" ” {loc. cit.). It is unlikely that such constant w'inds can have operated at 
Wanganui ; the dunes there, too, are improbably “ wind shadow' lee dunes,” and their 
association w'ith and gradation into hairpin -shaped parabolic dunes inclines the writer 
to the opinion that the two types are closely related in manner of formation. There is 
a distinct similarity betw'een the “ elongate blow-out ” and “ windrift ” dunes illustrated 
by Melton and th(f forms at Wanganui. Melton considers these to be deflation forms 
developed under the influence of moderate and strong winds of constant direction, the 
wind direction being the direction in w'hieh the apex points. 

For larger-scale desert phenomena the “ sand ridges ” of Australia (Maddigan, 1939) 
and the seif dunes of North Africa (Bagnold, 1941) definite relations between prevailing 
W’ind direction and dune direction have been shown. Bagnold (p. 2.34) puts forward the 
hypothesis that cross winds of shorter duration but stronger intensity than the prevailing 
winds (with which the dune ridges are roughly parallel) are necessary for the formation 
of longitudinal dunes. There are many differences, including size and cross section 
(lack of “ slip faces ”), between such large-scale phenomena and the longitudinal dunes 
at Wanganui, and it seems significant that their elongation is in no sense the resultant 
of the two strong wind directions at Wanganui, whereas the active dunes (in the Okehu 
and Nukumaru complexes) and the “ seif dunes ” of Bagnold are elongated parallel to 
such a resultant direction. 

• The wind rose for all winds shfiw's a dominance of light northerlicH, bat the rose for 
strong winds (o\'er force 7) stiows that westerlies and southerlies are of far greater importance in 
influencing dune form. The wind information is based on data for Wanganui, but (Ve<iupn(?les are 
so similar to those at Patea tliat It may be fairly assumed that conditions at intermediate points 
on the coast are the same. 



1946] 


Fleming. — Ma<;neti(’ Ikonsand-oues 
West of WAN(iANri 


365 


(4) Deflated dune areas. Thesf* are the residt of the attack by wind, perhaps at 
quite a late date, of fixed dunes. Where any form can be seen in the deflated areas, 
it is of longitudinal ridges oriented in a general east-w'est direction, or of parabolic ridges 
similar to, but generally smaller than, those still existing landward of the active belts, 
which seem to have receh'cd the liulk of their sand from the deflatc'd areas to windw'ard. 
The sand of such exhumed dune skeletons is loamy ami coherent, much stained with 
organic matter, and penetrated by decaying roots of herbaceous plants. 

There is thus a difference between the orientation of tin* contenqiorary active dunes, 
which move north-eastward under the influence of both westiTly and southerly winds, 
and that of the flxeil dunes of previous dune cycles, w hich ajipear to ha\i‘ been foriiH'd 
by dominant west<*rlies, with no important southerly influence. Two alternative 
hypotheses to explain this anomaly may be advanced : — 

(a) The older fix(‘d dunes north-w'est of Wanganui may have been formed during 
a climatic episode in which strong southerlies were less inifiortant in deter- 
mining dune orientation than they are at present. .Melton ( 11)40), from study 
of the orientation of several dune series, has reachetl interesting conclusions 
on the changes in the prevailing winds during the jiast fifteen thousand 
years in the Southern High Plains of Ninth America. His conclusions are 
based on differenc(‘s in the direction of saml moNcnient in parabolic blow’- 
out dunes and wundrifls in dune series ol different ages. Tlu'se differences 
are coiujiarable to those found for the Wanganui area, iiie acti\c dunes 
of the Wanganui area are possibly less than a hundred years old and due 
to the activities of rabbits and stock in this period, but information on this 
point IS lacking. Phaiazyn (piotes that remains of a Maori pa “ were visible 
till lately (IStifl) . . lU'ar the Okehii Stream, iiiis. though half a 

mile from the sea, is now nothing but a Nast sandhill” (Pharazyn. iStM), 
p. 159). The fixed longitudinal (w'est-east) dunes at Pastleclitf o\eiiie a 
terrace of the Wanganui Kiver winch was aggraded by the pumice alluvium 
of the geologically Pecent Taupo Shower. 

(h) hi’om discussions with Scpiadron Leader C Palmer, Meteorological Office, l 
gather that any change in wind fre(|nencies of the magnitude snggestiMl hy 
the dune orientations is unlikely to have occurred without leaving other 
abundant evidence, and that a change of cosmic nature can hardly he 
invoked. It is perhaps signiticant that the anomalous dunes are all capable 
of formation as deflation-torms, while the north-eastward-advancing active 
dunes are aecretion-forms. It is thus possible to explain the anomaly as 
the response of these tw'o categories of dune to dilfcTcnt wind strengths and 
directions in a wind regime the same ns that operating to-day. 

There is as yet insufficient information available to vlelermine whether either of the 
hypotheses advanced is valid. 
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THE MANUFACTURE OF GAUGES AND 
PRECISION TOOLS 
PART II 

By J. Brooke, H. Robinson, E. D. Mc’Rae, and J. vStewart, Dorniniou 
Physical Lahoratoiy, Department of Scientific and Industrial Research 
{Received for publication ^ 1st Xorenihet^ 1U45] 

Summary 

Tht* lonoludiuj^ part of this article deals with the j)r<aliiction of a variety 
of precision tools and components that have presented unusual features in design 
or in manufacture. 

A short description of the training of staff and the routing and processing 
of work through the various shops is given, together with average production 
costs for such work. 


Introbdction 

In Part I of this article the necessity for jirecision work in the manufacture 
and measurement of tools and gauges was' discussed at some length and a 
few isolated examjiles were given illustrating special methods introduced 
in the manufacture of gauges. 

The same degree of precision is required in the tools responsible for the 
dimensions and form of the finished part, and in the jigs or holding fixtures 
that position it while machining is taking place. 

The heat treatment of a tool is an all-important phase of the work, as 
hardness, toughness, and a minimum dimensional change during the process 
are all necessitated. 

As mentioned in the earlier part of this article, space forbids a comprt‘- 
hensive treatment of the many and varied types of tools manufactured 
under wartime necessity, but, as with gauges, a few examples which have 
presented unusual features in either design or manufacture have been 
selected as being of general interest. 


The Production of some Spec ial Tools and Components 
The Manufacture of Precision Chasers for Die-heads and Collapsible Taps 

For the quantity production of threaded components, especially on 
capstan, turrc't, and automatic lathes, the well-known solid-tap and split- 
die are usually replaced by the collapsing-tap and the self-opening die-head. 
When threading parts for interchangeable assembly, the cutting chasers for 
these tools recjiiire to be produced to close tolerances not only in their 
general dimensions, so that the chasers will fit standard heads, but more 
particularly in their thread form and dimensions. It will be appreciated 
that there must be a certain amount of slack, or fit allowance, between 
chasers and die-head to allow them to trip open at the end of the threading 
(jycle, which makes the tool inherently less accurate than its solid counterpart, 
the die-rfiit or button die. 

In making chasers, therefore, closer tolerances must be observed than in 
making commercial taps or dies; When, in addition, the chasers are to be 
used on munitions production, such as fuse parts or ordnance work, they 
become a job of high precision, comparable with limit screw-gauges. This 
entails the use of comprehensive fixtures for the initial milling and turning 
operations, and in some cases for the grinding of the threaded portion after 
the chasej has been hardened, so that pitch variation may be avoided. 
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Figure 1 shows a selection of these chasers which have been produced in 
recent months, together with the die-heads or taps in which they are used, 
and a selection of threaded work f)roduced by the assembled tool. 

Chasers in a wide variety of types and sizes have been produced, in 
batches varying from one set to fifty sets. The following tyf)es, however, 
form the bulk of our re(juirements : - 

Landis colla})sible ta[)— left hand and right hand. 

Coventry die-head, i in., | in., 1 in., 1| in., 2 in. head. 

Geometric die-head, ^ in., | in., 1 in. head. 

Laiico and Landis tangential-chasers. 



Fio. :?. — Fixtures for Landis tap-chasers and a group of completed chasers. 


Lamlis Collapsible Tap-chasers. -This })roblem was coniplicatt*d by the 
manufacture in New Zcialand under wartime pressure of a number of Landis- 
type left-hand taps. In order to obtain satisfactory performance, these 
taps were remade by the Dominion Physical Laboratory. They required a 
chaser of slightly larger dimension than the Landis standard, having the 
throw-out groove on the opposite face. This entailed two sets of machining 
fixtures, and a subsidiary centre-piece for grinding, but no other alteration 
in process was necessitated. 

A group of fifty sets of these chasers is shown in Fig 2, together with the 
milling fixture and the turning and grinding mandrel. The knock-out 
grooves can be seen on the chasers in the foreground, and it will be noticed 
that both types are represented there. 

The steel used for the chasers was a standard 18 per cent, tungsten 
high-speed steel, using a I in. X A in* flat section, which is first shaped and 
surface-grbund to 0*980 in. X 0*252 in. in 12 in. lengths. These lengths were 
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milled in the an^le fixture shown to make the c*has<*r blank. A second 
operation in tin* same fixture forms the knock-out groove, and the blanks 
were then grou])ed in sets of four and stamj)ed. 

They were then heat-treated in a salt bath furnace at 1 ,230”-l,25()'^ (\, 
quenched in oil to room temperature, and given a double secondary harden- 
ing treatrmmt in a nitrate-nitrite salt bath heated by immersed electrodes 
to 580"' (\ A hardness of about 62''-63'" on the Rockwell c. scale was aimed 
at, as chi})ping trouble had been experienced with harder chasers when 
ta})ping this ])articular conifjonent - the pressed ste(*l body of the 2 in. 
mortar bomb. 

A mandrel simulating the Landis cone-head was used for grinding, and 
the chasers, after being surface-ground to width and Icjigth to fit the slots 
in this mandrel, were cylindrically ground to O-OlOin. above the major 
diamet(‘r, when the head was s(‘t in half-way j)osition. The mandn'l was then 
traiisfernMl to th(‘ thread-grinder and the threads ground from the solid, 
using th(* reli(*ving attachment to giv'e a])proxirnately 0-(.K)5 in. of form relief. 

After thread-grinding, the chasers were given the necessary tap<*r lead 
and sjiiral point on a tool and cutter grinder while still in the mamlrel, and 
w(*r(» then tested in a standard head on from fiv'e to tern bomb bodies to 
(’heck for sizing, thread form, cutting action, tracking, and chifiping of 
chaser, Ufiwards of two hundred and fifty sets of tlu’se chasers have been 
])roduced. 

In the munitions jilants these chasers were used in a Ward 2a Ca])stan 
lathe to taj) twenty threads per inch, left hand, on a nominal diameter of 
1-775 in., with a tolerance on diameter of ()-0()7 in. Tin* component was 
difficult material to tap, being a pressed-steel body of fairly light section 
and variable hardness. An average of 9,()(H) jiarts per set of chasers was 
olitained, with some sets giving U])wa.rds of 35, (XK) parts. 

Chasers for the Coeenttf/ SetJ-opennuf Die-head. — These’ chasers have* been 
made both by the thread-milling and the thread-grinding process, depending 
on the accuracy desired. The milled chasers were jiroduced in simple 
fixtures, the blank being first cut ofl’ to length in a milling-machine, and the 
throw-out slot milled or turned, depending on the type of chaser. Using a 
ground-thread multi-tooth milling cutter, the thread was milled in batches. 

.Most collapsible dies have four chasers to a set, these being locatc’d at 
90' to each other. The position of the thread on No. 2 chaser w^as one- 
quarter of a pitch ahead of No. 1, and so on with No. 3 and No. 4, so that 
all chasers “ track ” on a true helix. In order to effect this, the batch of 
No. 1 chasers was first thread milled and the chasers marked “ 1.” The 
milling-machine table cross-feed was then moved one-quart(‘r of a jiitch and 
a batch of No. 2 chasers milled and marked. A further quarter pitch 
index(’d No. 3 batch, and a similar movement accounted for No. 4. 
Figures 3 and 4 show the fixtures and tools for this method. 

The chasers were then heat-treated, finish ground on the locating faces, 
and sharpened. 

Milled chasers have certain disadvantages-- surface decarburization in 
heat treatment, particularly if “66 ” substitute high-speed steel is used, 
shortens the chaser life and makes it difficult to hold tolerances without 
resetting, and dimensional change and distortion in hardening causes pitch 
errors. 
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Kid. 3. — A group of milling and turning fixtures. 
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,.r wen- thread-jjrouiid after hardeniii-r— in overseas 

production plants, special machines are available for this process In order 
to take advantajie of this refinement a special fixture wai .lesifmed for use 



/ 

Holding fixture 
for 2* chasers 



Fid. r).---(’haaer grinder attatdimeat before Jrn(>t,on/..iti(m. 


on the. Matrix niulti-rib thread-grinder. This fixture in its original 
form IS shown m Fig fi. The chasers were held in sets of four in a locating- 

thread-profiled grinding-wheel by means of a 
dounle-start lead-screw, hand operated. 
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Separate locating-boxes were made for each size and type of chaser, the 
chasers themselves being located in sets of four from their bottom surfaces 
by means of ground rollers. The locating fixture was itself accurately 
positioned on the grinding slide by means of a sine-bar before the attachment 
was placed in position on the thread-grinder, as this fixture has to be 
at the “ pitch-angle ” so that a set of four chasers would be ground the correct 
quarter-pitch apart. This angle will be the angle whose tangent is : j)itch of 
thread divided by four times the chaser thickness; and although this will 
generally not correspond with the helix angle of the work to be cut by the 
chasers, they are designed with sufficient relief to avoid interference, exce})t 
in extreme cases. 

When interference is likely to occur, the chasers could be set in the same 
fixture at the helix angle and ground as described in the rnilling process 
above, e.g . — 

(a) Grind batch (in this case, four, as this was the maximum ca])acity 
of the locating-box) of chasers No. 1. 

(h) Index lead-screw quarter pitch and grind four chasers No. 2. 

(c) Index lead-screw quarter pitch and grind four chasers No. 3. 

(d) Index lead-screw quarter pitch and grind four chasers No. 4. 

A multiple ribbed-wheel of the full width of the chaser was used, where 

possible, dressed to the thread })rofile with a diamond -dresser or a crushing- 
roll ; but if the width of the chaser necessitated it, two or mor(‘ cuts would 
be made, indexing b<*tween cuts by means of the thread -grinder lead-screw 
or by matching with the microscoja*. 

Although a considerable quantity of work was successfully done with 
this attachment, two disadvantages soon become obvious. The first of 
these was the fatigue and monotony to the machine operator when pro- 
ducing a quantity of these chasers, esjiecially if a, number of light cuts were 
necessary. More serious was the “ burning ” of the work due to the low 
rate of traverse across the wheel. In order to ov(*rcom(* both of these 
troubles, the attachment was motorized, as shown in Fig. (). A small 
single-phase 7 j\ih.p. motor was used, driving ojien and crossed leather 
belts. A simple dog-clutch engaged either motion, and this w'as actuat(‘d 
by two stops at the extremes of the stroke. Considerable improvement 
in finish resulted, and jiroduction times were substantially reduced, as the 
operator could set the machine in ojieration and occujiy his time with marking, 
checking, and measuring while the grinding was in firogress. 

Landis Tangential-chasers. — These were handled singly in a special 
fixture used in conjunction with the above equipment and set at zero helix 
angle. Special thread -forms, such as double and treble start Acme form, 
Cordeaux form, and modified square thread form have been produced by 
this method to close pitch tolerances, and this accuracy is reflected in the 
final product, whether it be sluice-valve spindles, lead screws, or insulator 
pins. 

The Production of Form-ground Milling-cutters 

Certain profiled parts of the 2 in. trench mortar having tolerances in 
the neighbourhood of 0-001 in. to 0-002 in. necessitated form milling-cutters 
having an element accuracy in some cases as close as 0-00025 in. As it 
will be obvious that a lathe-relieved milling-cutter could not be produced 
within these tolerances, a method of relief grinding the hardened blank 
had to be evolved. Having had considerable success with the production 
of thread-gauges and thread-tools of difficult form, such as the Cordeaux 
i^nd knuckle threads, it was decided to try the crushing-roll principle 
once again. 



Fig. (). — Thn*ad -grinding attHchment »)n matrix machine after motorization. 
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A tool was made u}) i)y hand to the required form and checked by 
inspection under a shadow profile jHojector in comparison with a form 
(liagram fifty times actual size. From this a crushing roll of about 3 in. 
diameter was profiled. This was then diagonally gashed with in. 
slots and hardened to about 64 Rockwell Using a slow wheel s})eed and 
a coi)ious flow of coolant, this form was transferred to a^2()K thread-grinding 
wheel by crushing. The milling-cutter blanks of high-speed steel were 
then j)recut to the ap})roximate profile, gashed, and hardened to 63-64 
Rockwell (\ After hardening, the cutters had their bores ground and 
lapped to fit a mandrel and were mounted singly in the thread-grinder, 
setting the relieving train to relieve ten flutes, wdth maximum ndief. 
(Trinding was then ])roceeded with until the whol(‘ of the cuttt^r face cleaned 
up. The cutters were face ground, shar})ened, and engraved as is normal 
procedure. 

The maximum amount of ndief jiossilih* with this machine was ()*05S in. 
and although this was sitisfaetory for most forms using light AmmIs, cutters 
having half-round forms were ajit to have insufficient side clearanct*. To 
overcome this a crushing attachment has been made to lit the Cincinnati 
tool and cutter grinders, and this, in combination with a multi-flute reliev- 
ing attachment, also reemitlv constructed in our tool-room, w\\\ allow of a 
much larger ndicf being obtained. There is therefore no limit to th(^ 
type of cutter that call be form-ground, and it is found that the cost of 
].)roducing these cutters comjiares favourably with those )>i‘oduced on a 
form-relieving lathi*. In addition to this, surface decarburization m hard(*n- 
iug does not affect the final cutter, and added dimensional accuracy is 
ensured. 

Figures 7 and 8 show examples of actual cutters jiroduced, om* of tin* 
formed crushing-rolls, and the comfionent for wdiich the cutters were needed. 


The Design and Man ((fad are of Broaches to broach Keg wags for British 
Standard Square Kegs 

In the normal design for a keyway broach there will be a definite number 
of teeth at a certain definite jutch, depending on the* total depth of cut to 
bev made. This means that the overall length of the broach is fixed within 
fairly close limits — for the three sizes (Jin., in., and | in.) the length 
varies between 24 in. and 30 in., including the liroach shank. A difficulty 
immediately arises in handling work of this length in tlu* normal tool-room 
n,nd heat-treatment shop, and ways and means of lessening the effe(*-tive 
broa(;h length are therefore advisable. It is not possible to reduce the 
number of teeth without increasing the cut-per-tooth beyond a safe figure, 
nor can the tooth pitch be decreased without reducing the chij) space, 
unless quite thin work is to be broached. 

The following methods suggested themselves : — 

(а) The use of a series of two or more shorter broaches. 

(б) The use of a single short broach with an inserted packing ]hece 

during the second cut. 

(c) The use of two or more short broaches mounted in a holder or ar})or. 

As the first two methods mentioned above necessitate two or more cuts 
with resultant increase of cutting time, it was decided to design a series of 
broaches to method (c). 
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8o that they should be more universal, the broaches were designed to be 
interchangeable in the arbors -e.g., the 1| in. arbor would carry either the 
in. broach or the f in. broach. As these broaches were to be used for 
cutting standard keyways in cast-iron and steel pulleys, the arbors were 
machined from a bar of 8.D. 50 axle steel to a dimension slightly less than 
the shaft-hole diameter. 



Fio. 9. — Layout of screw-broaching machine, showing |-in. broach in position. 


As will be seen from Fig. 9, the broach sections were rectangular, and 
two such sections fitted into a milled groove in the arbor. The original 
broaches were made from “ Keewatin ” tool steel, hardened and tempered 
to 64® Rockwell c., while later tools were produced from 18 per cent, tungsten 
^high-sp^ed steel. 
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A screw-o])erat(Hl })roach-])ullor was used, driven by a 1 h.p. electric 
motor, and the broach-arbor slotted eccentrically to brin" th(^ line of action 
nearer the centre of the teeth, rather than the centre of the arbor. This is 
also clearly shown in Fig. 9. 

Little difficulty was experi(*nced in machining tin* bottom of the broach 
slot in the arbor, this b(»ing milled in relation to tin* bottom surface of the 
arbor at such a ta})er that the correct rise per tooth was obtained with a 
])arallel broach section. The final sizing- teeth, four in number, were after- 
wards ground parallel to the bottom surface of the arbor. The broach 
sections were normaliz(*d both before and after the tooth -gashing operation, 
and consecjiKMitly remained mod(»rately straight in the hardening })rocess. 
After hardening, the lower face was surface ground and used as a locating 
face for the tooth-grinding. Final shar])ening was performed with the 
broach sections mounted and clamped in their arbor. 

In ofieration, the broaches performed most satisfactorily. A minor 
alteration was found advisable after the broaches had been in us(* for some 
while. This was the substitution of Allen socket-head set-screws for the 
slotted seVscri'ws originally used in tin* arbor to jirevent ])ossibl(* lifting of 
the first broach section when entering the cut. 


The Maniifacfure of Hardened and Groand Film Sprockets 

Although scarcely a precision tool, this component presents another 
interesting example of form grinding, using the crushing-roll method for 
obtaining the correct wheel jirofile. A shortage of Ernemann-tyjie inter- 
mittent sprockets for the standard 35 mm. motion-picture projector became 
a})f)arent early in 1943, and the laboratory was asked to make a samjile 
sprocket. As the accuracy specified was high -±0*75 minutes on angle 
and ]J.)*(KK)2 in. on diameters —it was decided to harden and then grind 
to finished form so that distortion in heat treatment would not affect the 
accuracy of the finished sprocket. 

The s])rocket was first machined from an oil-hardening " non-slirink ” 
tool steel such as “ Kite ” or “ Keewatin,” leaving (H)J()in. to ()*()12 in. for 
grinding-allowance. The sprocket teeth were gashed, leaving slightly more 
than this for finish grinding. The sjirocket was then oil-{juenched from 
8()()° (\, and finally tenifiered in an air recirculation furnace to about 62 
Rockwell V. to relieve stresses and jiossible furth(*r distortion. The central 
bore was first ground and lajiped to fit a mandrel, on which siibsecjiient 
work was done between centres. 

In order to jirovide a ground, involute jirofih* on the sprock(*t teeth, a 
crushing roller was profiled by ofitical means (see earlier rejiort on form- 
ground milling-cutters) and after hardening w^as us(‘d to profile a 22()K9 
aluminium oxide grinding-wheel on the Cincinnati tool and cutter grinder. 
The sprocket was mounted on its mandrel in the Cincinnati dividing-head 
and each tooth-flank form-ground sejiarately, using a wheel surface speed 
of 4,(X)0ft. per minute, and no coolant, the dividing-head was covered 
to protect it from abrasive dust duiing the dry grinding ))rocess. Cylindrical 
grinding of the exterior surfaces then com])leted the sprocket. 

This sample socket, under test in an Auckland theatre, ran through more 
that half a million feet of film with no noticeable signs of tooth wear, or 
hooking.** Its performance for steadiness and tjuietness was superior to 
several makes of imported sprockets, due, no doubt, to the ground and 
polished finish on the tooth profile. 
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Figure 10 shows the sample sprocket together with its form-crushing 
roll and a fixture which mounts this roll so that it may be used to profile 
the grinding- wheel. This fixture was carried on the work table of the tool 
and cutter grinder, the forming process being eifected by turning the 
grinding-wheel and spindle by hand when in contact with the crushing roll. 
The roll revolved freely, its helical gashes having a wedging action on the 
wheel, which gradually became formed to a profile complementary to that 
of the crushing roll, it will be noticed that the roll in position in the fixture 
is one of Whitworth form, used in profiling a wide thread -grinding wheel 
for thread-mill work. 



Fki, lo. — Form ground 35 mm. film .sprocket nrid criishinsr roll for formiiiy^ the wheel. 


The Training of Staff for Pre(ision Work 

It is not possible in the space availal)le to discuss at length the methods 
adoptc^l in the training of staff, this being the subject of a sej)arate report. 
Sufiice it to say that key men were obtained from non-*essential industries 
and certain men given a short })eriod of training in Australia in the more 
specialized side of munitions-tool making. 

Both unskilled men and unskilled w'omen were employed, after short 
periods of basic training at the Wellington Technical College. The period 
of their training was timed to coincide with the completion of the new 
Dominion Physical Laboratory at Lower Hutt, and here the machine-shop 
and grinding-room were so arranged that trainees could be employed on 
the one man, one machine ’’ principle. 

Although the use of girls for such work was an innovation for this country, 
excellent results were obtained on widely varying types of work» 
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Routing and Scheduling of Work 

As will be realized from the foregoing paragraphs, the tool-room staff 
comprised a large j)roy)ortion of semi-skilled, or, more correctly, partly 
trained, workers, and some production system based on the one man, one 
machine principle was necessary. Gauge and tool work, even on a large 
scale, consists of small batches. Tt is better com|)ared with jobbing work 
than with mass-production work, and so some modification of the usual 
})roduction controls seemed desirable. 

In the early stages jiartial controls w^ere instituted as the exfiaiision of 
the tool-room mad(‘ them necessary, and a cornjdete production control 
system was established when the new tool-room was established. 

Gantt, one of the pioneers in production control, has sp(‘cified as follows 
the three main aims of jiroduction control : — 

(1) Are all the machines running ? If not, why not i 

(2) Are they doing first priority work first ( If not. why not ( 

(3) Are ti|iey doing it as rapidly as they should t If not, why not i 

This entails the following controls : - 

(a) The wTirk must be broken up into machim* jirocesses. so that 
trainees may ojierate on the “ one man, one machine ” ])rmciple, 
and then routed through the shop from jirocess to process. 

(h) A priority sheet for ordms must be maintain(‘(l and first j)riority work 
handled first. 

(c) Some system of machine loading, coujiled wiin an idle machine 

record, is necessary. 

(d) Work scheduling, or ana3flsis of process times, should be carried out, 

to see that the men are doing their jobs in the shortest tinn*, as 
reflecting the best possible method. 

(e) A progress record system is desirable, so that daily and we(‘kly progress 

in an order may be followed. 

(f) Satisfactory time and material booking must be arranged, so that 

costing may be facilitated. 

Although all the above controls are necessary in some degree, it is 
desirable that the system installed should be o])erafed by th(' minimum of 
staff. To secure this, we adopted what is called tlu' bin, or rack, system. 

It is not possible, in the space of this article, to d(*scribe in detail the 
the procedure of routing an order through the tool-room ; nor, for the same 
reason, is it possible to illustrate all the necessary forms and charts. A 
brief description of such features of the system as depart from conventional 
practice will be given. 

Sup})ose, for example, that an order for six special milling-cutters was 
received, for delivery to a munitions contractor. This onler originates 
from the office of the Controller of Munitions, who would indicate the relative 
urgency of these tools by naming a position on his priority sheet. Copies 
of this sheet were received weekly, so that work could be planned to ensure 
that machines did first priority work first. On receipt of this order the 
necessary clerical entries were made and an internal shop order despatched, 
via the tool-room foreman, to the store, where six slabs of high-speed steel 
of the size required were cut off and jmt in a shallow box, together with the 
blueprint of the finished tool. The shop foreman affixed a coloured card 
to the box whifch showed the machining firocesses that would be involved 
in making the tool, and their order. 


18 -^oienoe. 
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In each of the machine-shops there was a rack capable of holding some 
fifty of these boxes, in eight to ten columns (see Fig. 11). Each column 
represents a particular process, such as “ tool-room lathes ” (process No. 4), 
“milling” (process No. 7), or “ thread -grinding ” (process No. 16). The 
box from the store went into this rack under the first process listed on the 
card, and on a level representing its priority. An operator, on finishing a 
job, ])assed the box to the sub-foreman, who, after ins])ection, replaced it 



Fig. 11. 


in the column representing the next process. The top box in the operator’s 
column was passed out as his next job, and so on. Looking at the rack, the 
foreman could see how much work he had ahead of each machine group — 
his lathes, his shaper, and his mills. He could ensure that the racks were 
kept full and could plan a balance of work. This gave a measure of control 
over Are all the machims running ? ” and also “ Is first ^priority work being 
done first 
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An idle machine record"' was also kept, bein<r gra])hed on the Gantt 
method from the daily time books, and this was made to serv(‘ the dual 
purpose of checking on idle time and of showing the ])r()})ortion of work 
done for munitions plants and for industry. This latt(*r record was required 
for differential costing purposes. 

This leaves the last of Gantt’s queries, Are theij doimj it as rapidly as 
they should?" Before this question can be considered we must know how 
long a ])articular process should take — in other wT)rc)s, we must have a time 
study of how long is taken by the average workman. All work must 
therefon* be planned and estimated. 

The foreman had already split up his job into processes, or machine 
groups, when loading the racks, and it was therefore a conij)aratively sim|)le 
matter for him to provide estimated times as well. The first time a j)art/icular 
job was undertaken, this estimate was littl(‘ better than a guess, but by 
judicious study, records, and checking on past work, this guess became a 
reliable estimate, and this estimated time was entered on a sj)ecial card 
as a red line of a[)propriate length. The workman r(‘Corded his time daily, 
and as his time was entered for costing pur])oses a clerk drew’ a black line 
on the estimate card to represent the actual time taken. 

This check w’as very valuable when employing train(*es, as it showed 
how their training w^as progressing, ainl wdien studied alongside tin* final 
inspection sheets gave a fair impression of their relative efticiency. An 
added advantage was that the foreman was compelled to plan his work m 
detail, and difficulties must be the subject of a conference of all jiarties 
concerned before tackling the job, rather than after mistakes had been made. 

Estimating allowed us to increase our efficiency : it show’ed us whether 
shaping or milling was cheaper for a certain operation : it shownnl us which 
operators had been “ cutting air,” or letting their machines overrun their 
work piece ; it gave us data by which we could closely predict the cost of 
some special tool to a customer, and keep an eye on the processes where 
this cost might have been exceeded ; and it allowed us to revise our heat 
treatment and grinding allowances so that a ban* minimum of material had 
to be removed in the final (and most expensive) procc'sses. 

These estimate cards were kept in a card index, being filed under job 
numbers. A double check on machine loading could be kept by heading 
the card as show’n, and using Roneo type signals on the |)rocesses not com- 
pleted. The totals of the signals in each row’ w’ill give the total machine 
loading in that group. 

Figure 12 shows a siiecimen of the estimate card, and also a section of 
the Gantt idle machine record, showdng the differentiation betw^een munitions 
work and other industrial work. 


Production Costs 

Owing to difficulty in assessing the capital value of certain lend-lease 
machines installed in the tool-room, the following figures are given in 
man-hours, which, however, will suffice for purposes of comparison. 


18 * 
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2 3 4 S 6 7 


Job N* 4086 Order N* 262 IV B^S.W. Taps* left hand 


Process N* Actual and Estimated Hrs. 


■SSnCEEJI _ 


24 


6 off 



^riTnjTrrrriTr?Ti>^Q" g^ 


Bi! ty4'’nTri!gTOCCTT!r?yp gg|| 


X Carries Roneo type Siynat 
X X X X X X X Red line - Estimated time 
Mack line -Actual time 


PROCESS NUM8ERS 

Hanking a Cutting 13 Cyl. grinding 

Roughing lathes 14 Surface grim 

Bench lathes 13 T ( 6. qrindin 

Toolroom lathes 16 Thread grln< 

Precision Screwing lathes 17 Gap Grinding 

Shaping t Planing 18 Lapping 


7 Milling 

8 Jig boring 

9 Drilling 

10 Fitting 

11 Engraving 

12 Heat Treatment 


14 Surface grinding 
13 T ( 6. qrindina 

16 Thread grinding 

17 Gap Grinding 

18 Lapping 

19 Chrom. plating 

20 Nitriding 

21 Brazing b Welding 

22 Painting v Finishing 

23 Cabinet work 

24 Inspection 


ffiU MACHINE RECORP -TOOl ROOM (fept ig bsliSip &|dLr) 


MACHINE I |MON.3W0/M|TUE$.3(/10/44 


MILLING MACH. 
CINCINNATI ZL 


MILIIN6 MACH. 
CINCINNATI 21 


LATHE T.R.. 
MONARCH 16' 


nmaammsmsss 


|!!!!^iH^i!Hlg3ESiiiM!^iHI 


Work for manufacturers 

Gauge t tool work for munitions centroHor 

Weekly totals 

Operator excused overtime 


Fio. 12. 
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These figures are the averages of a considerable number of separate 
batches, varying between six off and eighteen off. They have been grou})ed 
according to types and tolerances : 

Man-hourt} 


Gap-gauges; combined g«»-not-go ; tolerance on gauge in. .. <)*5 

Gap-gauges ; ditto ; tolerance on gauge 0*(MMI4-0-001 in. . . . . . . 

Gap-gauges ; ditto ; tolerance on gauge 0-(Mn-0-003 in. . . . . 2 *0 

Plain plug-gauges ; taper-lock type ; tolerances O OOf) 1-0*0005 in. . . . . 4*5 

Plain plug-gauges ; ditto; tolerance 0*0005~(»-002 in. .. .. .. 2*5 

Screw plug-gauges, taper loiik ; 1 in. to 1 in. major diameter. B.S.S. tolerances 0*0 

Screw plug-gauges ; ditto ; 1 in. to 2 in. major diameter. B.S.S. tolerances . . 7 - .5 

Screw ring-gauges ; 1 in. to 2 in. major diameter. B.S.S. tolerances . . 14 0 

Conomatic machine-taps ; | in. to 1 in. major diameter, grade I ground thread 3*i) 

Coventry-type chasers ; ^ in. head ; per set . . . . . . . 1(L0 

Landis tap-ehasers tor I 775 in. diameler : per set. . . . . . . . S*0 


A ( K NO WL El k; m e x r 

J would like to acknowledge at this juncture the co-o]>oration and 
suggestions of Mr. N. A. Mackay, who in his jiosition as jiroject supervisor 
of tools and gauges with tli(‘ Munitions Controlhn* instituted [iriority sheets, 
scheduling c-ards, and the gauge recall system at that otlico so that a 
reasoimhle forecast of future requirements could l>e ina(l(‘. 


THERMAL CONDUCTIVITY MEASUREMENTS ON 
SOME NEW ZEALAND HOUSES 

By N. V. R^ DEii and A. H. McIlh.mth, Dominion Physical Lalxmitory, 
J)(‘partment of Scientific and Industrial R(‘search 
[Hn'en'ed for publication^ Srd December, 7,94^7] 

Summary 

An outline is gneri of a simple* method for determining the tlu'rmal eon- 
du(di\ity of walls, ceilings, and floors of New Zealand houses. The method 
is shown to be an adaptation of more elaborate overseas methods, involves 
\ery little equipment and labour, and can be applied, con \<*nicntly to com- 
pleted houses without damage. Results show conformity with overseas figures 
and with values obtained by ealeiilation using accepted overseas formulnp. 

A discussion on the significance of the results is inchuied. 

In the course of a general investigation into the eff'ect of atmospheric con- 
ditions on the incidence and growth of mould on walls and ceilings, it appeared 
that the conditions which were of most inqiortance were those closer to the 
inner wall and ceiling surfaces. As these are to a large extent determined 
by the thermal conductivity of the wall sections, particularly outside walls, 
it was desirable to obtain values for the conductivititis of various types of 
wall structures and to relate them to other data. 

It should be realized that a complete survey of all types of houses built 
in New Zealand was not contemplated. The aim was rather to ascertain 
that overseas formulae for calculated values were reliable under New Zealand 
conditions and in particular to confirm certain special indications arising 
from previous work on house construction and materials. Probably the 
most important of these was the result of measuring air movement in the 
wall cavities of houses, which had suggested that “ brick- veneer ” houses 
(of which the cavity is ventilated for drying purposes) would show high 
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conductivity or transmittance. Likewise, in view of the fact that tiled roofs 
allow free flow of air above the ceiling, it was expected that large losses 
would occur through the ceiling, especially if it were of plaster-board, a 
material of fairly high thermal conductivity. The results showed satisfactory 
confirmation in each case. 

There is, of course, an abundance of data on the thermal properties of 
building-materials such as are used in New Z(;alaiid, and well-tried methods 
are known whereby the conductivities of built-up sections can be calculated 
from such data. There are also available results of experiments in which 
sample sections of walls are made up and tested in a special hot-box apparatus. 
The principl(‘ of this apparatus, which is used in America(J ) and in Canada(2), 
is shown in Fig. 1. The British equivalent(3) of this method is shown 
diagramatically in Fig. 2. 

There are, however, two facts that made the results of these* tests 
insufficient for our purpose. These were— 

(1) The tests were made on test sections only and not on completely 

erected walls. 

(2) There was no evidence that methods and workmanship were exactly 

equivalent to those used in New Zealand. 

With these facts in mind, a relatively simple method was evolved for 
measuring approximately and quickly the condiu^ting properties of walls 
of completed houses of different types. The quantity nH*RSured was the 
overall transmittance U = number of B.T.U.s transmitted per square foot 
per ®F. per hour. 


Method 

The method is essentially the same as the American method shown in 
Fig. 1. The heated cabinet was placed against the inner wall of the house, 
and the room was controlled at the same temperature as the cabinet and 
therefore acted as a guard-ring, while the outside atmosphere acted as the 
cold chamber (see Fig. 3). 

The limitations of the method are at once apparent, one of the chief 
difficulties being that the experiment depends on the outside weather 
conditions. Previous experience had shown, however, that reasonably 
steady temperatures frequently occur over the major part of the night, 
and, in fact, there was no difficulty from this point of view throughout the 
tests. Other factors of which no account was taken were outside temperature 
gradients from ground-level upwards and wind velocities. It was considered, 
however, that the results would give a general comparison under actual 
conditions, and the results were found to vary much less than was expected. 

In the following description of the apparatus it should be borne in mind 
that the tests were made at short notice and with equipment that was to 
hand for immediate use. The results showed that the method is quite 
useful for the type of measurement required, and with the experience gained 
a greatly improved set-up could be designed for permanent use. 


Heated Cabinet 

The cabinet consisted of an outer plywood box strengthened with 2 in. 
by 1 in. wood battens, and lined with 4 in. of Kanex insulating-materiaL 
The leading edge was fitted with a gasket of rubber tubing to provide an 
airtight seal when pressed against the wall. (A layer of felt would serve, 
but may not be airtight, and the area could not be computed accurately.) 
The area enclosed by the rubber gasket was 12*25 square feet. 
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Fjo. 1. — American method. 


PLAN SECTION 



Fro. 2. — British method. 



Fig. 3. — ^New Zealand method. 
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The cabinet was heated by two 15 w. bulbs, with provision for switching 
ill a third bulb if necessary. The bulbs were placed on the bottom and two 
sides at different distances from the front. The air was stirred by an 8 in. 
fan h.p. motor) directed slightly towards the back wall of the cabinet. 
Differential thermocouples placed in the cabinet indicated negligible tempera- 
ture differences throughout the cabinet. 

The cabinet was pressed firmly against the wall to be measured by means 
of beams wedged against the opposite wall. 

The temperature of the cabinet was controlled by an air thermostat, 
and the method of measuring the watts input was such that a very small 
differential was undesirable. On the other hand, this made the recording 
of cabinet temperature more <lifticult until the thermocouple was lagged to 
smooth out the larger variations. A similar procedure was adopted in the 
case of the room thermocouples. 

The differential in the cabinet was f. and in the room 2^ F. 


Kk('oiu)1Ng Wattmeter 

As in ordinary th(»rmal conductivity measunnnents, it was necessary to 
know the heat input to the cabinet during a period of stable outside tem])era- 
ture. The recorder used was merely an “ on-off ” recorder controlled from 
the cabinet thermostat. From this record it was possibk* to integrate the 
time for which the heating-lamps were on and so obtain th(‘ total heat input. 
The watts supplied by the motor and fan were measured s<*parately. A 
continuously recording wattmeter would obviously be preferable. 


Temt’Erature-recordinh^ 

Four temperatur(‘s were recorded continuously by means of two string 
recording galvanometers viz., the cabinet temperature, outsid(‘ tcnnpera- 
ture, room temperature, and attic temperature (this r(*f(»rs to the intermediate 
temperature above the ceiling, within the wall cavity, or beneath the floor ; 
it has no direct bearing on the calculation of ov(*rall transmittance U). Tin* 
sensitivity of the recorders was ap})roxiinately 0-9 m.v. for full-scale deHectiou 
and it was necessary to use several couples in series, according to the tempera- 
ture differences to be nu‘asured and th(» length of the couples. The wire 
used was 26 S.W.G. copper and constantan. In the case of outside 
temperatures, for example, it was necessary to have at le^ast 1 ft. of wire 
projecting outside the room to avoid conduction along tin* wires. The 
cabinet temperature was measured approximately 4 in. from the wall, the 
outside temperature 8 ft. above ground, and the room and attic temperatures 
near the cabinet. The outside couple was shielded from rain to avoid 
“ wet-dry ” effects. 

The reference junction for the thermocouple measurements was a special 
hot-box controlled by a mercury-toluene regulator. This was kept accurately 
at 75® F. and the cabinet and room at a mean temperature of 70® f. The 
air in the room was circulated by a 12 in. fan (J h.p. motor), this being more 
than sufficient to obtain even temperature throughout the room. Maximum 
and minimum thermometers served as a check on the control of the room. 

Various sizes of rooms were used, and a 2 kw. heater was found sufficient 
to control smaller rooms. In larger jooms- --e.g*, 14 ft. by 12 ft. — a 1 kw. 
heater was used continuously in addition to the controlled 2 kw. A second 
pen on the same drum recorder was used to indicate the total input to the 
room over the test period. Large openings such as fireplaces were covered 
to prevent undue losses. 
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Accuracy of Method 

The accuracy of the luethod could scarcely b(» stated as better than 
^ 5 per cent, for the mean of a number of results. The agreement with 
calculated results is therefore reassuring, although some assumptions are 
also involved in the calculations. 

It is interesting to note that the method can be aj:)plied to completed 
houses without damage to the structure or to wall finishes such as papering, 
&c. 


Results 


Measurements were made on outer and inner walls, ceilings, and floors 
of four houses of difTerent types. In three of the houses the walls were 
lined with (.Gibraltar board and the ceilings were of Pinex. In the other 
house the walls were lined with fibrous plaster-board, tin* ceiling being of 
the same material. All floors were of 1 in. tongucd and grooved wood. 

The quantity determined was the overall transmittance TJ (h*fi!ied as 
the number of British thermal units transmitted through 1 square foot of 
wall area per di^gree (Fahrenheit) ditterence in temperature^ between the air 
inside and outside of the wall, and given by the following equation : 


where U 

Q 

Ti 

T2 

t 

A 


U 


Q 

A 


T , ~ T^ 


overall transmittance, in B.T.U.s sq. ft./ F., hr. 

total input in B T.U.s, in time t. 

outside air tenqieratun', in F. 

cabinet t(‘mperature, in k. 

time of teat period, in hours. 

area of cabinet presented to the wall, in sejuare feet. 


The following table of results shows the (*xperimental results and calcu- 
lated values for each house. All calculations are made assuming wall cavities 
to be airtight, and in some cases thermal conductivity values are assumed 
for the materials used where no actual figures are available. 


House No. 


( ’ouHtniftioii 


I 


Outsule 


liiMde. 


Tart lueuMired. 


Mean ^’allle j Calrulated 
of r. Value 


1 .. 

Brick . . 

Gibraltar board 1 Ceiling (Pinev) 

0-40 

i 0-37 


1 

1 Outer wall 

0 o 4 

()- 4 () 



1 Floor 

0-37 

0 37 

2 . 

Poelite. . 

Gibraltar boanl ' Outer wall 

0-41 

0 - 3 « 



1 Floor 

n-3S 

0-37 



i*FIoor (eorreeted) 

o- 4 n i 

0-37 

3 . . 

Wood .. 

Gibraltar board | Outer w'all 

(>•41 

0-32 



1 1 liner wall 

0-31 

i 0-34 

4 .. 

Brick . . 

Fibroun jilaster j Outer wall 

0-.50 

i 0-41 



' Ceiling (plaHter) 

Ooi) 

i 0*72 

1 


* The valiiert of U lor the flwr of thl« hoiiKe were lomul to \ary niiieh more widely than any other 
values. It was also ob«erve<l that the tprni)erature below the floor varied considerably in Its relation Ut 
the outftlde temperature. Values of U were therefore ealeulated usinK the temperature below the floor 
as the “outside" temperature, and consistent \ allies were then obtained. The "corrected value" 
shown above is the mean of these results. 


Houses Nos. 1 to 3 were new houses situated together in Newcombe Street, 
Waddington (near Naenae), House No, 4 was situated in Bell Road, Lowt»r 
Hutt, and was completed approximately live years ago. 
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Discussion of Results 

Apart from the significance of the actual values of U, some interesting 
points arise from the comparison of experimental and calculated values ; — 

(1) Brick outer walls are very much more conducting than theoretical 

values would indicate. As stated previously, this may be caused 
by ventilation of the cavity, which is known to be high in this 
type of wall. The calculated value of U for a sheet of Gibraltar 
board alone is approximately 0*60. 

(2) A similar difference of a smaller degree occurs in the case of the 

outer wooden walls. This at first suggested that th(*. weather- 
boarding is not airtight and allows air to circulate between the 
wood and building-paper. If the wood were removed entirely, 
the value of U for a wall of plaster air-space paper would be 
approximately 0*40, which tends to confirm the above suggestion, 
it was later ascertained, however, that sonu^ ventilation at least 
is provided intentionally during the construction, so that the 
difference in thermal conductivity may be attributed to either 
cause. It is worthy of note that, according to the literature 
available*, wh(‘rever timber is used overseas it is common to employ 
a thin outer sheathing for weather protection and a 1 in. sheathing 
with overlapped joints, with building-paj)er between. The 
addition of 1 in. thickness of tind)er in this fashion to the above 
wall should giv^e a value of U - 0*29. 

(3) There is substantial agreement in all other cases. Calculations for 

ceilings are rather unc(‘rtain. It should be noted, also, that 
figures for ceilings «are really those for roof and ceiling combim‘d, 
including attic spa(*e. 

These facts indicate that any type of lunisi* construction which for any 
reason permits the circulation of cold air within th(* wall cavitv is of)(*n to 
serious question on the grounds of poor thermal conductivity. As a further 
check, the temperature within the cavity (above the ceiling, beneath tin* 
floor, &c.) was recorded in (*ach case to study its relation to the outer tem])era- 
ture. As would be expected, those walls which were well ventilated were 
of high conductivity and the cavitv temperature was close to the outside 
temperature. In effect, the circulation of air removes the insulating effect 
of the outer wall, and th(‘ only protection is that supplied by the inner lining. 
Where the walls w'ere airtight, the cavity temperature was intermediate 
between inner and outer temperatures and the conductivity was lower and 
agreed more closely with theoretical values. This factor of air movement 
in the cavity, then, is one of great importance, and a good deal of work has 
been done on this subject separately. 

In the cases of houses having airtight walls such as Poelite, building-paper, 
plaster, the values are such as would be expected from our knowledge of the 
materials used. Improvement can only be effected by the addition of 
insulating-material in the wall, and this matter will be brought out later. 

Before discussing ways of reducing the overall transmittance, some 
examples will be given of the effect of U on the temperature of rooms and 
the cost of heating them. Figure 4 shows the temperature attained by a 
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heated room 12 ft. by 12 ft. by 8 ft. having values of U from 0*15 to 0*65 
for an outside temperature of 32° f. The mean values for the four rooms 
tested are given below without making allowance for windows, &c. : — 


House No. 

Overall Value of V. 

1 

0-47 

2 

0-40 

3 

0-40 

4 

0-46 


Figure 5 shows the relation between values of U and the relative amount 
of power used to maintain a 12 ft. by 12 ft. by 8 ft. room at a steady tempera- 
ture of 65° F. with outside temperature 32° f. On the basis of a charge of 
2d. per unit (kWh.), the cost is also given. As an approximate comparison, 
the cost of heating by coal is given, on the basis of 11, (XX) B.T.U.s per pound 
of coal burned in a grate of 20 per cent, efficiency and at a cost of 5s. per 
hundredweight. 


Remedies 

There are three general ways in which the conductivity of houses may 
be reduced : — 

(а) Improved airtightness of the cavity, roof, &c. 

(б) The use of materials of low conductivity where possible. 

(c) The addition of insulating-material between the walls. 

(a) The first of these has been discussed, and it lUied only be restated 
that any factors which cause or require ventilation are open to question. 
The question of lining roofs or covering ceiling joists with an airtight layer 
is worthy of consideration. 

(h) The second can be discussed only in general terms, as the choice of 
materials is affected by such matters as availability, mechanical properties, 
cost, and expediency. The possible saving of fuel power and cost should, 
however, be considered along with these other properties. Another factor 
which is of lesser importance is the surface finish of the wall surfaces, especially 
outer walls. Table I shows relative values of surface conductance for 
different materials for a mean temperature of 20° f. and an air velocity of 
15 m.p.h. : — 


1 ABLE I 

Surface. 

Surface 

Conductance (F.) 

Glass 

51 

White paint on pine . . 

6*1 

Smooth plaster 

6*6 

Clear pine 

6*7 

Concrete 

6*8 

Brick and rough plaster 

7*2 

Stucco f 

8*9 
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(c) The addition of insulating-material is a subject that calls for some 
comment, since the effect of this may not be appreciated. It is known that 
the thermal resistance (inverse of conductivity) of an air space increases 
very rapidly with the size of space until the size is about 0*2 in., when the 

resistivity approaches 1 — i.e., conductivitv or transmittance = — ^ 

resistance 

= 1. Thus the resistance of five spaces each equal to 02 in. is about five 
times that of a single 1 in. air space. 

Most insulating-materials make use of this principle, and by providing 
a large number of small air spaces they possess high thermal resistance. 
When a layer of material of this sort is included in a wall, the overall resistance 
is increased and th(i conductivity reduced. The following table shows the 
improvement effected by adding different thicknesses of a material having 
a conductivity K = 0-30 B.T.IJ./hr./sq. ft./ ° f. in. thickness (Pinex board 
has a value approximately 0*33) : — 


Ori^fiiial Value 
of IT. 


Values of I' with Insulation 

in. to 3 In.). 


^ in 

1 in. 

1 .') In 

2 in 

3 in. 

0*2 

0 15 

0-12 

0-10 

0-087 

0-067 

0*3 

0-20 

016 

0 12 

0-10 

0-076 

0*4 

0-24 

017 

0 13 

0-11 

0-081 

0-5 

0*27 

019 

014 

0-115 

0-084 

0-6 

0-30 

0-20 

0 15 

! 012 

0-087 


From these figures the most important conclusion is that walls which 
are of high conductivity show greatest proportional improvement with 
added insulation and therefore greatest proportional saving in heating cost. 
Likewise, for any wall the proportional improvement is greater for the first 
I in. of insulation added than for any subsequent J in. In general terms 
this means that an initial gain in insulating properties of walls is simple 
and cheap and can effect great savings in lieating costs. Beyond a certain 
stage the ratio of cost to saving becomes un(*conomical, except for special 
applications. 


Overseas Standards 

There is little information on the values of U which are considered 
adequate in different countries. British opinion as expressed by the Ministries 
of Health and Works is as follows : — 

(1) External Walls . — U not greater than 0*3, with values as low as 0*15 

recommended. 

(2) Ground Floors . — U not greater than 0*3, and recommended down to 

0*15. 

(3) Roofs . — Not above 0*3, and values of 0*2 recommended. (Tiles are 

commonly laid on felt and battens, and plaster ceilings insulated 
above.) 
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Canadian officers regard the following figures as typical of Canadian houses, 
without insulation : — 

(1) Exterior walls : U — 0-25. 

(2) Ceiling and roof combined : U ~ 0-31 . 

(3) Ceiling alone : U = ()-fi9. 

(4) Roof alone : U = 0*46. 

(5) Glass (single) : U ^ 1*13. 

(6) Doors : U-: 052. 

Such a house, they state, would never be used. It is invariably supplied 
with insulation in the walls and ceilings, and fitted with double-glazed windows 
and weather-strips surrounding doors and windows. 



The value of U required is largely determined by the outside temperatures 
likely to be encountered, and the graph of Fig. 6 shows the value of U 
required if a room 12 ft. by 12 ft. by 8 ft. is to be maintained at 65" f. for 
various outside temperatures. From this, some idea of the value of U for 
New Zealand conditions can be obtained. 
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Summary 

A demountable eontinuoualy evacuated x-r.T\ tube with interehang(‘able 
targets is deserilied. An outline of the full wa\e re<tili(Ml (ireuit is giv'en, 
together with a brief (h'seriptioii of the pumping svsteuj. Tin* voltage is 
variable from (>-79 k\. The current rating is 15 milhamps. 

To meet the needs of an apparatus for use in apjilieations of x-ray 
crystallographic analysis and mic?*oradiography( I ). a demountalile x-ray 
tube with evacuating and (*l(‘etrical equipment has been constructed at 
the above laboratory. 

The TruE 

Sinct* microradiogra])hy requires as manv dillerent \va\e lengths as 
possible to be readily availabh*, a number of target metals for the anode 
(or anticathode) must be provided. Three* interchangi‘able anod(‘s 
(Fig. 1 (g) ) wen* made. On the flat face of each wen* affixed the various 
target materials, (cl). Tlie first anode has “ silver ’ soldered to it, copper, 
molybdenum, and silver ; the second, cobalt, iron, and nickel ; tlu* third, 
chromium and tw^o span* positions. The faces of the targets w(*re ground 
flat, and the resulting thickness of the elements is about ()*()2r)in. Each 
anod(‘ has a male taper part which fits into a single fmiiale ta})(*r, (/), of 
the main body of the tube, (c). The tapers were ground after the fixing 
of the target materials to prevent distortion by heat. 

The axis of the anode is displaced from the axis of the main liody, (e), 
so that the latter axis passes through the centre of the target material. 
Rotation of the anode through 120'’ will bring another target metal into 
the line of the axis of the main body, and further rotation brings the remain- 
ing target metal into line. The tapers are sealed with high-vacuum grease 
(Apiezon M), and the rotation can be done without detriment to the degree 
of vacuum. Interchange of the anodes requires the pumps to be switched 
off, the oil condensation pump to be allowed to cool, and the change made. 
Re-establishment of the vacuum takes about fifteen minutes. The anodes 
are made of copper, with provision for internal water-cooling, (h). 
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The filament, (k), is supported by a brass tube, (?), which is held by 
clamps, (o), to the glass part, (p), of the main body of the tube. The 
filament lies at right angles to the axis of the tube and is bisected by it. 
Tungsten wire 0225 mm. diameter spot-welded to short lengths of 1*5 mm. 
nickel wire is used for filaments. Several were made by a local electric- 
lamp manufacturer. In order to obtain a line focus along the axes of the 
windows, (j), it has been found necessary to orient the filament almost 
parallel to the planes of the windows. This is due probably to the relative 
displacement of the axes of the anode and the main body of the tube, 
producing an assymetrical field between the filament and anode. 

The electrical connection to the filament is made as follows : short 
tungsten leads, (a), are sealed to the glass portion and are extended by 
copper wires, (m), the necessary distance inside the brass tube, (1). The 
joints are made by small brass connectors, (n). These facilitate the change 
of filaments should one burn out. 



Incltti 


Fig. 1, — The tube. 

The electrons are brought to a focus on the target metal by means of 
the focussing shield, (c), which is simply a copper tube threaded to its support, 
which may be screwed in and out until a line focus is achieved. Copper is 
used in preference to brass, since the zinc in the latter is volatilized by the 
heat radiated from the filament{2). 

Two windows, (j), diametrically opposite one another, are slots 0*25 in. 
long and 0*078 in. wide covered with aluminium foil 0*001 in. thick cemented 
in place with Plicene cement. The aluminium will be replaced by beryllium 
when available. 

The glass portion, (p), has a flange on it which has been lapped so that 
its plane surface is at right angles to the axis of the cylinder. This flange 
is fixed to a similar flange on the metal body, (e), using high -vacuum grease. 
A retaining-ring with rubber washer provides the necessary mechanical 
support. The joint is kept cool by the water-jacket, (6), underneath the 
metal flange. Without the water-cooling the radiation from the filament 
is sufficient to soften the grease very considerably and also soften the 
Plicene cement at the windows. A water-switch is incorporated in the 
electrical circuit so that if the water-supply should fail, the electricity is 
immediately cut off from all the apparatus except the backing-pump* 
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The Vacuum Pump 

The pumping-system consists of an all-metal two-stagt* vertical oil 
condensation pump backed by a Mega vac rotary vacuum pump. The 
condensation pump is made entirely of brass, with the inside components 
and the inside of the main barrel nickel-plated to prevent catalytic d(‘compo- 
sition of the oil (Arnoil S) by the brass(3). The connection from the pump 
to the tube is made by a short right-angle bend (1 in. diameter copper tube) 
of large radius of curvature. Attached to the copper tube by a tapered 
metal, Plicene - cement, glass seal is a glass discharge - tube. A Ford 
induction-coil connected across this tube giv(»s a rough i(l(*a of the degree 
of vacuum. It has been found that if the tube is eva(‘uated to such a degree 
that no discharge takes place, then the x-ray tube functions satisfactorily. 

The copper tu})e is attached to the pumps and th(» x-ray tube, using 
flanged joints, (/), sealed with gaskets of Veliimoid sheet in. thick) 
painted each side with Glyptal lacquer. This type of joint may be made 
very quickly, and if the screws are tightened in a regular sequence the 
jcunt will be vacuum-tight. 



Fig. 2. — Circuit diagram (showing main switches onh ). 


The Electrical Circuit 

The anode of the tube is operated at earth potential to permit working 
in close proximity to the windows. The conventional diode full-wave 
rectifier circuit was modified to give Fig. 2, enabling the anode to be earthed. 
The diodes require separate filament transformers each with its secondary 
insulated from the primary winding by sufficient insulation to withstand 
the peak rectified voltage. Such transformers were made locally. 

The only high-voltage condensers available were 0*5 //fd. 30 kv.p. oil- 
filled condensers. Three were connected in series, the two at the highest 
potential being provided with additional insulation to earth by mounting 
them on porcelain pedestals (see Fig. 3). The whole bank was connected 
across the tube to give a constant potential across it. 

Kenetron (K R-3) diodes were used as the rectifiers and were hung by 
^ in. diameter Idolite rods from the top of the cage which surrounds all of 
the high-voltage gear. 
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An attachment to the door of the cage carries an arm whi(di ‘drops on 
to the high-tension side of the condensers when the door is opened, dis- 
charging them to earth through a 6 megohm resistance*. At the same time 
a gate switch cuts off all the electrical supply except that to the backing-pump. 

The high-tension side of the circuit is connected up with J in. diameter 
copper tubing. All bends are of radius greater than 3 in. The D.C. milli- 
ammeter is suspended from the cage by i in. diameter Idolite rod. All 
points of high tension are at least 12 in. from the nearest point of earth 
potential. 

A spark gap with variabh* distance between tin* sph(*r(‘s(4) is used to 
measure the high-tension voltage across tin* tube. 

OlTTJUJT 

The voltage is continuously variable from 0 70 kv. The current rating 
is 20 milliamps. The current is limited by the capa(‘itv of the high-tension 
transformer, not by the heat dissij)ation at the target metal. 

Powder photographs taken on a 10 cm. diameter camera with unfilt(*red 
copper radiation can be obtained in about thirty minutes. 
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VARIATIONS OF MONTHLY RAINFALL IN 
NEW ZEALAND 

By C. J. Seelye, Meteorological Office, Wellington 

[Heceired for pnblicatlon, Hlh February, 

Summary 

A representative figure lor the fluctuations of monthly raintalJ in New' 
Zealand is an average variation of 44 per cent, about the a\erage of the month, 
but at Waimarama (Hawke’s Ray) the January rainfall has a mean \ariabibty as 
high as 77 per cent., and Puysegur Point shows a variability of only IS per cent, 
in its May rainfall. In the North Island the percentage \arjations are greatest 
in February and least in July. For the South Island as a whole September has 
the least and February the most variable rainfall, but about (’anterbury the 
July rainfall is the most variable. The distribution of the variability over the 
country is shown in maps, on which the greater variability on the east coasts 
stands out conspicuously. 

Monthly rainfall has an unsymmetrical distribution, occasional very wet 
months comiiensating for numerous months with moderately light falls. In 
a group of records with a variability of the order of 70 per cent, the rainfall 
mode (the most likely value) was found to be only 18 per cent, of the average 
and the median 74 per cent. — i.e., half the rainfalls were below' 74 per cent, 
of the average. The frequencies of occurrences of percentage rainfalls of different 
magnitudes arranged according to the degree of the variability are summarized 
in tabular form. 

A typical station experiences more than six successive months with rainfall 
below average four times in thirty years and with rainfall above average about 
once. One of the most notable occurrences was the period of sixteen months from 
June, 1923, at Oamaru, when the rainfall was 49 per cent, below average. 
Cuvier Island had a run of fifteen wet months from March, 1916, with an 
aggregate rainfall 6tl per cent, in excess of the average for the period. 

There is evidence that there is a tendency towards persistence of type, 
the order of the effect being indicated by the average probability of a dry 
month ; this is 54 per cent, if the past month was wet, but increasing to 59 per 
cent, if the past one was dry. 
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Introduction 

This discussion is concerned with the nature of the variations of rainfall 
for a particular month from year to year. The variability of annual rainfall 
in New Zealand has been treated previously{l), and in a similar manner 
consideration will be directed to the mean monthly variability, defined as 
the mean departure, irrespective of sign, of the monthly totals from their 
average expressed as a percentage of the latter. Section 1 deals with the 
mean variability in its seasonal and geographical distribution over the 
Dominion, Section II with the frequency of occurrence of departures from 
average rainfall of various magnitude, and Section III with the persistence 
of months with rainfall above or below average. 

I. Mean Variabtlitv of Monthly Eainfall over New Zealand 

Monthly rainfall records for the thirty years, 1911-40, from ninety-one 
stations — forty-seven in the North Island and forty-four in the South 
Island — were used as fundamental data. In several cases these records 
were completed by interpolating after comparisons have been made with 
two or more neighbouring stations with overlapping records. The average 
of the rainfall amounts was obtained for each of the twelve calendar months 
from the thirty years of records, and the mean of the thirty departures 
from average was determined as a percentage of the average rainfall. The 
general average for all months and all places is a variability of 44 per cent., 
but the varial)ility differs with locality and season. For example, Wai- 
marama, Hawke’s Bay, was found to have a mean variability of 77 per 
cent, in January. At the other extreme, Puysegur Point has a mean varia- 
bility of only 18 per cent, in May. In districts where the higher degree of 
variability prevails, a knowledge of average monthly rainfall(2) has a limited 
practical significance unless supplemented by information on the variability. 
Table I, containing a summary of the results in the form of averages for 
the stations in each Island, will indicate the general seasonal trend and 
the order of variability experienced. 


Table X. — Mean Vakiabjlity of Monthly Rainfall tfji (.'ent. 


— 

Jan. 

Fob. j 

Mar. 

Apr. 

j May. 

Jim. 

1 

Jill. 

Aug. 

Sept 

Oet. 

1 Nov. 

Dec. 

Average. 

Average for Nurtli 
Island stations 

51 

57 

53 

44 

44 

37 

36 

37 

37 

42 

41 

51 

44 

Average for South 
Island stations 

44 

52 

47 

45 

46 

43 

49 

43 

42 

44 

38 

46 

45 

Average for all 
stations 

48 

54 

50 

44 

45 

40 

42 

40 

39 

43 

40 

49 

44 


For the country as a whole, including the majority of the North Island 
stations and many southern stations, February is the month with most 
variable rainfall. All North Island places have the greatest variability 
in one of the months December to March. In the middle of the South Island 
the greatest variability occurs in or near July, which is the month when 
the North Island average is lowest. The average is least for the South 
Island as a whole in November and for the Dominion in September. 

There is a tendency, more noticeable in the North Island, for the 
variability to have negative correlation with the average rainfall amount, 
in that wetter months have lower variability than those in the drier season. 

The geographical distribution of mean variability is shown in the twelve 
maps constituting Fig. 1. 
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From December to March the areas of high variability are the more 
north-eastern portions of both islands, Hawke’s Bay and Nelson. These 
months form the period when extra-tropical cyclones are most likely to 
affect this region, and the areas mentioned are those which may occasionally 
but irregularly receive very heavy rains, especially with winds from a north- 
east quadrant associated with such cyclones. During the next three months 
the east coast south of Gisborne has the most variable rainfall, and there- 
after up to October it is the east coast of the South Island which figures 
most prominently. During that time of the year southerly or south-westerly 
conditions are most })revalent, but, as mentioned when considering annual 
rainfall variations(l), the amount of rain brought is erratic, being infliH*n(‘e(l 
considerably by the location of the centre of the depression and the precise 
<lirection of the wind. In November, variability is becoming comparatively 
more conspicuous again in the North Island. 

Low variability is a very persistent feature south of Westport and Nugget 
Point. Most pressure troughs, whatever their detailed structure and the 
actual path of the main low jiressure centres, contribute some precipitation 
to these areas, and, although the amounts vary, a month is sufiiciiuitly 
long a period for the total to be relatively constant. The general direction 
of the prevailing winds over the whole region is west to south-west, and 
other areas, such as the western side of the North Island, which are also 
exposed to these, have a fairly reliable rainfall, although with somewhat 
larger variations than in the west and south of the South Island. 


II. Frequency Distrtrutton of Monthly Rainfall 

The mean variability of monthly rainfall, as discusstnl above, gives an 
indication of the relative extent of the departures of rainfall from the average 
for a certain month from year to year. A more concn'ti* demonstration 
of the significance of the variability is given below in terms of the freijuency 
of occurrence of departures of varying magnitudes. A selection was made 
of forty-six representative stations, twenty-three being fairly evenly spread 
over each Island, and their records were sorted into five groiqis by taking 
for each station those months for which the mean variability was centred 
about the values 30, 40, 50, fiO, and 70 per cent, resjiectively. All the 
individual monthly rainfalls were ex})ressed as percentages of the appropriate 
thirty-year averages, and these percentage rainfalls were divid(»d into ranges 
of 10 per cent, and their frequencies counted. 

These frequencies, as with most rainfall statistics, were distributed 
unsymmetrically about the average, for the low-rainfall side is limited at 
zero rainfall, whereas on the excess side falls which are several times the 
average are not uncommon. 

The remainder of this section contains a fairly condensed account of 
the statistical treatment, and it is suggested that the general reader refer 
more especially to Fig. 2 and to Table III, which gives a summary of results 
obtained after irregularities in the original figures were smoothed out. 

The frequency curve most suited to the data for each of the five- 
variability groups was a Pearson curve of type I, this being an inverted 
bell -shaped curve with a base of limited range. It was clear from the data 
that each curve should start at zero rainfall, and if this starting-point is 
adopted as origin the equation can be expressed in the form 

y =z a (6 — ; 

where x is the rainfall and a, b (the range), m and n are constants. 
With the origin so fixed, only the first three moments were required to 
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effect the curve iittin^(3). The constants obtained from this process are 
set out in Table II, which shows also the averaf;re variability of each fijroup 
derived both from the original figures and from the graduated statistics. 
The standard deviation or (the root-mean -square deviation), the mode (which 
is the value of x corresponding to the maximum frequency), and the median 
(which is the value of x such that rainfall above and below it occurs with 
equal frecjuency) are included in this table. The unit taken for x here 
corresponds to ]() per cent, of average rainfall, and the values of a, mode, 
median, and h refer to the same scale. It may be remarked that, although 
b represents the whole range of the frecjuency curve, values of y become 
iH'gligible long before x approaches h. 



Fk; '2 — K iv<jiR*ncy (list nbution of nuiifall for one tlion.sniul months with moiiii variability, 
(i) below .‘If), (ii) .‘{5-40, (lii) 4.5-.5.5, (iv) .55-05. ami (\) o\er 05 pc*r cent. Kaintalls 
arc c\prcsHc<l as a proportion of the average, winch is chniotcd by 10 units. The 
frcijucncy of rainfalls within a. given range is iiidicatiMl by the area enclosed betw’een 
thi.^ range marked on the x-axis ami the corrc'' ponding si'ction of the freipiency 
eniw e. 


'rABl.K IT. CklNHTAWTS FOR THE FREQUENCY DlSTUIBCTlON CCRVES 


Mean Variability, per Cent. 









Range. 

Average 

from 

Original 

Data, 

Average 

from 

Orn- 

diiatcd 

Data. 

Total 

Fre« 

quency. 

O’ 

1 

p 

S 

1 

Log , o/T. 

b. 


n. 

Under 35 

31 0 

31 1 

2,820 

4*01 

8-7 

9*0 

^•,53033 

44-946 

3-0004 

15-0916 

36-45 

40- 1 

40-2 

0,240 

5*11 

7-4 

9*2 

149-30887 

195-905 

2-5704 

05-5063 

46-55 

49-0 

49-7 

4,080 

0*39 

5*9 

8*7 

73-05852 

104-932 

1*2496 

33-8602 

65-05 

591 

59-0 

2,280 

7*64 

3*9 

8*2 

08-00748 

207-609 

0-5830 

30-2.533 

Over 05 

060 

60-3 

540 

8*90 

1-8 

7*4 

374-05365 

1034-86 

0*21931 

124-3833 
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Of the 552 sets of thirty months considered, 208 had variabilities of 
approximately 40 per cent, and 156 approximately 50 per cent. These 
gave sufficient information for the “ goodness of fit ’’ by the 
classed as just satisfactory. The other groups, with more limited data, 
contained a measure of unevenness which, however, disappears in the 
frequency curves. 

In Fig. 2 the gra])hs are drawn for the five frequency distributions, 
which have been reduced to correspond to a total frequency of one thousand 
months for each group. From the figure or the table it will be seen that 
in the lowest variability grou]) the mode occurs at a percentage rainfall 
of 87 and the median at one of 96. With increasing variability the mode 
decreases rapidly, being only 18 per cent, in the final grouj), for which th(» 
median is reduced to 74 })er cent. Hence negative departures of rainfall 
from average always outnumber the })ositive ones, and very appreciably 
so when the variability is large. 

After some interpolation with the smoothed data u])on which the grajihs 
were constructed, fre(juencies were derived corresjxmding to exact values 
of the variability. These are set out in Table III, which gives in comjiact 
form the average frequency distribution of monthly rainfall in New Zealand. 
Although the average rainfall and the mean variability alone do not uni(|uely 
determine a skew frecpiency distribution, a knowledge of the two (|uantiti(\s 
(from maps or otherwise) and an acceptance of the ri^sults of this table 
■will give a reasonable indication of the probable distribution of the rainfall 
total for a particular month under New Zealand conditions. 


Table UI, — Frequency Distributfon of One Thousand Months of Given Mean 

V^ARIABILITY WITH RaINFALL WITHIN SrE(TFIEl> KaNFJES 


Monthly Rtiinfull (KM) - Avcragf*) 


Mean 


Vnria- 

hiUty, 

per 

Cent. 

Below Average. 



Above 

Averaiie. 



0-25. 

25-50. 

50-75. 

75-100. 

100-150. 

150-2(K). 

200 300. 

300-400 

400 5(K). 

Over 5(M). 

20 .. 

2 

36 

158 

316 

424 

60 

4 




26 .. 

4 

52 

182 

286 

385 

82 

9 




30 

7 

76 

197 

263 

367 

98 

13 




36 .. 

12 

106 

206 

229 

316 

107 

24 

i 



40 

23 

130 

205 

206 

279 

112 

43 

2 



45 .. 

41 

160 

197 

183 

260 

114 

(K) 

5 



50 .. 

70 

166 

184 

161 

227 

113 

70 

9 

1 


56 

98 

172 

171 

i«:7 

207 

111 

77 

14 

3 


60 . . 

131 

176 

160 

134 

187 

106 

82 

19 

4 

i 

65 .. 

170 

177 

160 

120 

167 

96 

87 

24 

7 

3 

70 

208 

175 

142 

103 

150 

79 

94 

31 

12 

(> 

75 .. 

247 

169 

131 

84 

136 

68 

102 

37 

18 

9 


As a demonstration, the March rainfalls for Tutira and the February 
rainfalls for Whanawhana (both in Hawke’s Bay) have an unusually high 
variability of 75 per cent. According to Table III, a locality which has a 
rainfall variability of 75 per cent, would in thirty years experience rainfalls 
during the given month scattered as shown in the first line of Table IV. 
The values there are obtained from Table III by reducing them in the 
ratio 20 : l,(XX)/c.g., of 247 = 7, &c. It may be noted that in 
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nineteen years the rainfall is likely to he less than average, and above in the 
remaining eleven years. The following lines of the table give the actual 
recorded rainfalls for the period 1911-40. 


T\blk tv. — Ni’Mber of Months uith Sfecmi iki> Kainfai.i. 






Kainliil 

(KM) Avfiai/c) 







.')IF 7.') 

7."* -1(M» 

100-1 .'•(). 1 i:>o-joo 

:!00-:i(M). 

.100-4(M) 

Over 400- 

Expected 

7 

r» 

4 

3 

i 

3 

1 

1 

Tutira : March 

a 

7 

3 

4 

1 3 ; 3 ! 

.3 

0 

1 

Whaiuiuhana : 
Fehniarv 

,■) 


4 


i - : 

! : ’ 

4 

1 

0 

1 


The observed values depart from the ex|)erted ones by an insignificant 
amount. (Tn testing this, the values are found to be 3-28 and 6*44 
respectively, and these correspond to P - 0*8 and 0*4, there being 6 degrees 
of fre(‘dom, 3 less than the total number of classes, as the total frecpiency, 
mean, and mean variabilitv are fixed.) 

On account of its rather large variability, rainfall averages will dejiend 
ap])r(‘ciably on the length of records used. From the standard deviations 
mention(‘d in Table T1 it is found that the probable error m the mean rain- 
fall as determined from thirtv years of observations is b [ler cent, for a mouth 
m the lowest variability group and 11 per c<‘nt. in the highest. Records 
would nt'ed to be extended to a jieriod of 116 y(‘ars befon‘ these probable 
errors w(*r<‘ halved. 

111. Persistence of Months with Deficient ok Kxcess Rainfall 
This section is based on considerations upon “ runs ’’ of months all 
having rainfall departures from average of like signs. The same forty-six 
stations as were used in the fireceding section wi*re examined over tin* period 
1911- 40. The results are set out in Table V, showing the total number of 
runs for the twenty-three stations in the North and South Islands separately, 
and also combined, as well as the average* per station. 


'Fable V. — Number of Runs of n Months each >mtii Necjativk ok Positive 
DeFARTI RES RE.S^R(’TIVKL^ 1)1 RINO IUlI-40 



H. 

1 

1 ~ 

a. 

4. 


<>. 




Ml 

11. 

12 

1 {-16 

Negati\e 

'total for — 














runs 

23 N.I. stations . . 

830 

418 

200 

145 

()8 

01 

44 

27 

15 

10 

7 

3 

5 


23 S.l. stations . . 

832 

470 

270 

148 

86 

59 

41 

12 

15 

8 

5 

3 

4 


4fiN.Z. stations. . 

1002 

894 

530 

293 

154 

120 

85 

39 

30 

24 

12 

0 

9 


♦Total computed , . 

1577 

934 

553 

327 

194 

115 

08 

40 

24 

14 

8 

5 

7 


Average per station 

36 

19 

12 

6 

3 

3 

2 

0-8 

0-7 

0-5 

0-3 

01 

0-2 

Positive 

IMtal for — 














runs 

23 N.I. stations . . 

905 

447 

247 

112 

44 

1 22 

0 

2 

2 

0 

0 

1 

2 


23 S.T. stations . . 

1069 

509 

217 

90 

32 

25 

6 

4 

0 

o 

0 

0 

0 


46N.Z. stations. . 

2054 

956 

464 

202 

76 

47 

12 

0 

8 

2 

0 

1 

2 


♦Total computed . . 

2008 

951 

438 

201 

92 

43 

20 

9 

4 

2 

0-9 

0-4 

0-3 


Average per station 

45 

21 

10 

4 

2 

1 

0-3 

01 

0-2 

0 04 

0-00 

0 02 

0 04 


• See below. 
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Between the figures for the two Islands there is little significant difiference. 
A sequence of negative departures beyond six months has occurred for the 
average locality only about four times in the thirty years and a sequence 
of positive departures less than once. Some details of the longest sequence 
in the above table are shown in Table VI. 


Table VI. — Long Seocenc’es of Months wmi Negative or Positive Detaktures 


riace. 

Dates. 

Number of 
Months. 

Rainfall Departure 
from Avempe. 

Inches. 

Per<*cntage. 

Auckland 

D<‘eeinber, 1913, to February. 1915 

15 

-25 00 

-42 

Pakihiroa 

February, 19,30, to March, 1931 . . 

14 

-41 09 

-30 

Tunia 

.lanuary, 1919, to January, 1921 . . 

13 

-17*98 

40 

Pcrtland Island. . 

April, 1932, to April, 1933 

13 

-13 07 

-41 


March, 19,34, to March, 193.5 

13 

-17*93 

54 

Oamaru 

dune, 1923, to September, 1924 . . 

10 

-14 12 

49 

Nelson 

November, 1918, to lleeember, 1919 

14 

-20*02 

-45 

Tapanui 

December, 1915, to January, 1917 

14 

10 99 

-34 

Tim aril 

March, 1915, to March, 1910 

13 

-12*89 1 

: 52 

Whanj^arei 

July, 1910, to S(‘ptember. 1917 . . 

15 

H 38*21 1 

4-47 

Cuvier Island . . 

March, 1910, to May, 1917 

15 

i 28*88 

+ 01 

Wekaweka 

October, 1910. to September, 1917 

12 

+ 50 .30 

f 53 

Peel Forest 

February to November, 1910 

1() 

+ 14*17 i 

+ 44 

In\ ercargill 

January tci October, 1910 

ID 

^ 14*43 i 

* 38 


The notable dry years, 1914, 1915, 1919, and 1930, have been discussed 
by Kidson(4), as also has the drought of the summer of 1934”35(5). After 
the long dry spell from 1912 to 1915, a wet ])eriod followed, and the years 
1916 and 1917 have given the longest runs of months with excess rainfall. 

It is of interest to examine the frequencies of th(' runs as given in Table V 
to see wheth(»T there is independence — e.g,, wheth(‘r the occurrence of a run 
of dry months alters the likelihood that the next should be a dry oiu* also. 
Of the 16,560 months used, 9,466 had negative and 7,094 positive dejiartures. 
Hence, on the assumption of complete independence, the average ])robability 
of occurrence of a month with a negative deqiartiiro is j) — = 0*572, 

and of a month with positive departure, q — 0*428. For the present {lurpose, 
only the average value of p is being considered. The number of isolated 
months with negative and positive departures would then be 16,560 pq^ 
and 16,560 p^q, or 1,735 and 2,319 respectively. However, both these are 
more than the numbers recorded. The frequenci(is of shorter runs on this 
supposition are likewise greater than recorded. 

However, if it is assumed that after one or more dry months there is 
a constant probability, N, that the next will have a negative departure, and 
after a run of wet months that there is a constant probability, P, that the 
next month will have a positive departure, the expected frequenci<\s of a run 
of n months (n = 1, 2, 3 . . . ) are expressible as A (I — N) 

or B (1 — P), A or B being the total number of runs of 1, 2, 3 ... 

months for negative and positive cases respectively. In this connection 
reference may be made to Brooks and Carruthers(6). The computed values, 
after adjppting P = 0*460 and N = 0*592, appear in Table V. For positive 
runs t^ agreement is satisfactory, but it is still rather poor for negative 
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runs, of which those of six mouths or lonjjer are more freiiuent than cal- 
culated. However, this suffices to demonstrate the feature of persistence 
of type : after a dry month the chance is about 0-592 in favour of another 
dry month and 0-408 in favour of a wet month ; but after a wet month the 
probability of a dry month is 0-540 and of a wet month 0-460. These values, 
which are gern^ral av(*ra^es based on a combination of all the records under 
review, ^ive an indication of the size of the effect, which cannot be considered 
a lar^Tf* one for most practical purjioses. 


A( KNO VV LEDO M E NT 
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publication. 
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NOTES ON THE CANTERBURY FLOODS OF 
FEBRUARY, 1945 


By E. G. Edie and C. J. Seelyb, Meteorological Office, Wellington, and 
J. D. Raeside, Soil Survey Division, Department of Scientific and 
Industrial Research. 

yUeveived for jutbjication, oth Fehrvary^ 1040} 


Summary 

Imi»ortant meteorological factors in the Hituation leading up to the heavy 
rain in Westland and Canterbury during February, 11)45, were the pnvsenci^ of 
a stationary frontal system o\er the South island, the arrival of a depression 
from off New South Wales, and the inflow of cold air following the intensification 
of an anticyclone to the south of New Zealand. 

Strathmore, near Hinds, received 4 70 in. anil 9-23 in. on the 20th and 
2l8t respectively, and several other jilaces had daily amounts exceeding 0 in. 
The rain maps show' that the heaviest rainfall o(‘curr(*d in a strip of low’land 
country parallel to the coast. For several weeks bi'forc this storm, precipitation 
had been above normal, thus increasing the extent of the surface flooding 
experienced. The month had exceptional rainfall totals for many Canterbury 
stations. 

Erosion and its complement deposition were surprisingly slight in sjiite 
of the intense rainfall. 

Many slips and slumps w^ere observed on the lower slopes of the mountains, 
mainly on Hurunui soils and on steep facings of th(‘ downlands. 

Erosion on the downlands consisted mainly of gully and rill erosion, but 
the soil loss over the whole of the downlands was inconsiderable, due mainly to 
the rank vegetation and the small area under cultivation. The amount of 
erosion w^as related directly to (I) nature of cultivation; (2) angle of slope. 
The finer the state of cultivation, the less the angle of slope on which appreciable 
gully erosion took place. Mass movements, such as soil creep (involving topsoil 
only) and slumping, were also observed. The latter, under forest and tussock, 
is regarded as natural geological erosion. Earth movements of this kind are not 
commonly associated with loess landscapes and are relatively rare in South 
Canterbury. 

Erosion of the plains was limited to streambank erosion and did extensive 
damage to roads and bridges. Although the rivers spilled widely over the 
plains, very little silt w'hs deposited, but there was some aggradation in the 
lower reaches. 


Introduction 

During the 18th and 19th February, 1945, heavy rain fell in South Westland 
aijd in the next two days shifted to the east coast with very severe flooding 
resulting in South Canterbury. Section 1 describes the meteorological 
situation leading up to the storm. Section II contains information on the 
rainfall, including maps which show its distribution, and Section 111 gives 
an acqfttmt of observations on erosion in the Timaru district. 
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Canterbury Floods of February, 1945 

1. Meteorological Situation 

The sequence of events leading up to the period of heavy rains in West- 
land and later in Canterbury was rather obscure, and although the following 
interpretations of the meteorological situation appear to be substantially 
correct it is not claimed that the analysis is final. 

During the period 9th to the 13th February, 1945, a series of 
weak depressions moved south-eastwards over New Zealand, while an anti- 
cyclone remained practically stationary to the south of Campbell Island. 
However, by the 13th a weak anticyclone had built up to the north of New 
Zealand and the weak trough of low pressure along which the depressions 
had been trav(‘lling had passed to the east of the South Island. The anti- 
cyclonic cell gradually extended its influence over the whole N(»w Zealand 



area, and by noon on the 16th the weather chart (Fig. 1) showed two c(*ntres 
of moderately high pressure (1018 mb.), one located w(*st of the North Island 
in the Tasman Sea the other between Cook Strait and Chatham Island. 
A weak front between these two anticyclonic C(dls gradually appean'd as 
the warm front of a small wave disturbance on a quasi-stationary frontal 
system extending across the Tasman Sea and reaching the Australian coast 
near Newcastle. Another depression south of Tasmania was moving slowly 
eastwards. During the next twelve to eighteen hours the wave disturbance 
was crossing western Southland, being responsible for thunderstorm activity 
in the Puysegur Point - Milford Sound area during the early morning of the 
17th. The depression had moved eastward off the Otago Peninsula by 
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evening. As this depression moved farther away, the associated cold front 
advanced slowly northward across Otago and South Canterbury, reaching 
as far north as Hokitika, where heavy rain fell just after midday on the 18th. 
Figures 2 and 3 show the weather situations at noon on the ITth and 18th 
respectively. The cold front mentioned above did not advance beyond 
Christchurch or Hokitika, and by the morning of the 19th it began to retreat 
slowly southwards as a warm front, giving extensive rains in South West- 
land and with scattered falls in Otago and Southland. Apparently the 
return of this front was due to the steady approach of the depression which 
had moved eastwards from Tasmania. The depression was considerably 
reduced in intensity, however, and lost identity in the Southern Lakes 
district. Meanwhile a new centre of low pressure was developing just east 
t)f Sydney. The front over South Westland and Central Canterbury was 



Fig. 2. — Noon, {Saturday, 17th February, 1945 (N.Z.C.T.). 


thus given no further impetus either north or south and remained almost 
stationary in that region. It appears, therefore, that the rainfall experienced 
in Otago, Southland, and South Westland during the afternoon and night 
of the 19th can be attributed to the combination of this depression and 
the quasi-stationary front. 

From the morning of the 19th, pressures at Campbell and Auckland 
Islands began to rise steadily as cool southerly air spread towards the South 
Island behind a secondary cold front. At the same time an anticyclone in 
the south Tasman Sea began to move eastwards and northwards behind the 
new depression travelling south-eastwards from the coast of New South 
vcWales. The weather chart for noon on the 19th is given in Fig. 4. The 
'^^d front moved on to eastern Southland and Otago about 6 a.m. on the 
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Fig. 3. — Noon, Sunday, 18th February, 1945 (N.Z.C^T.). 
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J9th and quickly proceeded northwards to amalgamate with the stationary 
front still lying across the South Island from Timaru to Jackson’s Bay. 
This strong influx of cold air greatly increased the temperature contrast 
across the stationary front and led to increased frontal activity. Meanwhile, 
from the central Tasman Sea the new depression had moved steadily south* 
eastwards, and the main centre (with a pressure just under 1000 mb.) crossed 
the west coast between Jackson’s Bay and Hokitika at about 3.30 p.m. 
on the 20th. Consequently, a strong easterly flow of cold air, undercutting 
the wanner and inoister northerly air mass to the north of the front, was 
forced on to the Canterbury Plains. Figure 5 shows the situation at noon 
on the 20th. Heavy rainfalls were experienced in the centre of the South 
Island during the night of the 20th as the depression moved across the 
Alps, reaching the Pegasus Bav area by the next morning. The rains 



continued, and the winds v(?ered to strong southerlies during the afternoon 
of the 21st as the low pressure centre (now only 1003 mb.) recurved east- 
north -eastwards out of Pegasus Bay. Figure 6 gives the situation at noon 
on the 21st. By morning on the 22nd the pressure gradient having eased 
considerably, the winds had decreased, and occasional showers with rapidly 
increasing fair periods replaced the continuous heavy rain of the previous 
day. 

In conclusion, three important features of the week’s weather situation 
are worthy of note. First, the development of the quasi-stationary front 
across the South Island ; second, the development of a depression east of 
Sydney and its advance south-eastwards to Westland ; third, the simul- 
taneous intensification of an anticyclone to the south of New Zealand which, 
subsequently redirected the depresj^n etist-north-eastwards, the turning 
point in mid-Canterbury being the^ region of maximum rainfall. 
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(Irateful acknowledgment is made to Mr. J. W. Hutchinj^s for helpful 
suggestions concerning the analysis of this series of w(^ather maps, and to 
Mr. D. A. T)e Terte for drawing the diagrams for reproduction. 

II. Rainfall 

The accompanying isohyetal maps (Figs. 7 11) show^ the distribution of the 
rainfall for each of the four days from the 18th to 21st February, 1945, and 
for the whole period. Figure 12 gives the total amount for the two wettest 
davs in Canterbury - namely, the 2()th and 21st, most of th(' rain having 
occurred within about thirty-six hours. East of the Southern Alps the 
zone of maximum precipitation extended from (Jlentunnel to Waimate, 
with the axis roughly parallel to the coast. Rainfall attained its greatest 



Fid. (). — Noon, W’edncHflay, 21st FeLruary, lB4/> (NZ.C.T.). 


intensity between Hackthorne and Pleasant Point and in a narrow belt 
farther south to Huntm*. The most outstanding fall was 13*93 in. r(*corded 
at Strathmore within forty-eight hours. The ma})s show how the Southern 
Alps and their foothills experienced lesser falls than a large extent of low 
country. As in many other exceptional rainstorms, the indiKuice of orography 
is not conspicuous and the rain pattern bears no resemblance to the average 
distribution of precipitation 

Some details of the heaviest falls in the South Island between the 16th 
and 21st are given for olhcial rainfall stations in Table I, which includes all 
cases of daily amounts exceeding 6 in. or of aggregates exceeding 9 in. 
Except north of Cheviot, any rain recorded for the 22iid was only a few' points. 
All references to daily rainfalls are to the twenty-four hours commencing at 
the morning observational hour. 


19- Science. 





7. — Daily rainfall, 18th Fki. 8. — Daily rainfall, 19th Fig. 9. — Daily rainfall, 20th 

February, 1945. Februan% 1945. Februarv. 1945. 


[Makch 
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Fig. 10. — Daily rainfall. 21st February, 194.>. Fig. 11. — Total rainfall, 18th to 21st February, 1945. 
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Table I. — Daij.y Rainfall in Points (100 Points == i in.), Pebroarv, 1945 



1 0th. 

17th 

18th. 

loth 

20th 

21st. 

Westland — 







Okarito 

75 

185 

305 

588 

110 


Wataroa 

70 

155 

555 

580 

87 


Waiho 

99 

* 

582 

025 

138 


Weht'ka 

49 

121 

52() 

721 

79 


Karan^ariia 

2(i 

124 

445 

542 

130 


Haast 

198 

94 

300 

829 

97 


Jackson’s Bay. . 

300 

00 

410 

819 

78 

2 

Mount Cook : The Kerrnitagt* 


00 

520 

370 

259 

30 

(Canterbury- ~ 







Hawks wood 




4’r 

38 

079 

Haekthorne 





500 

502 

Winchmore 




2 

415 

504 

(Jinagh (near Mayft(‘Jd) . . 




4 

540 

491) 

Stnithmore (n(*ar Hinds) 


2 


10 

470 

923 

Oran (jrorge . .. .. 1 

J 

10 

3 

71 

010 

497 

OcMaldinc Downs . . . . 



7 

31 

554 

.577 

Orari Kstati* . . . . 

i 

3 

4 

iO 

394 

790 

Kakahu . . . . . 


Tr. 

() 

5 

089 

433 


* hu'ludod ill the followhijir (la> . 


Figures n^ceived from private recorders are Claremont (1\ R. Talbot), 
whole period, 1,375 points ; and Hunter (tl. W. Armstrong), the 19th to 
21st, 162, 645, and 470 points. 

For ten Canterbury stations in the wett(‘st zone, averages have been tak<*u 
out to indicate the rainfall for some time before the storm. 


Table TI. — Rainfall Scmmarv for Ten Stations i-kom IUi'ktiiobne to Pleasant 


December 

January 

Fobruarv 


Point 

outh 

Moau llainfall, in Points. 

Previous Years j 

i 

Sumnior 10-14 45. 


311 

950 


304 

408 


274 

1357 


Over these stations the averages for February, 1945, were : 1st to 17th, 
269 points; 18th, 3 points; 19th, 28 points; 20th, 525 points; 21st, 
532 points. 

The exceptionally wet December of 1944 was followed by a January 
with a slight excess of rainfall, and before the main storm had set in, February 
had all*eady rticeived a rainfall approaching normal. The land was thus 
well saturated and surface flooding soon developed. Extensive flooding 
oiccurred in every creek and stream, towns were finally isolated with com- 
munications disrupted, widespread damage was done to bridges, and farm 
lands and stock suffered seriously from the inundations. 
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Long-standing records for daily rainfalls were surpassed for comparatively 
few places, but for many it was a record two-day fall. The 20th February, 
1 936, was, for example, a wetter day for both Ashburton and Timaru. Two 
other unbeaten amounts for single days are included in the two examples 
below : — 


Springburn, May, 1923 — 

Points 

Orari Gorge, March, 1941 — 

Points. 

3rd 


. . 109 

15th 

9 

4th . . 


.. 77 

16th 

.. 106 

5th . . 


.. 176 

17th 

. . 296 

6th . . 


. 788 

18th 

. . 638 

7th .. 


.. 29J 1 

19th 

.. 141 

8th . . 


88 1 



9th . . 

. . 

5 




The following localities, for which available records go back thirty years 
or more, experienced in February, 1945, the heaviest total rainfall for any 
calendar month previously. After the station names an^ noted the amount 
for February, 1945, and also the year of the first rainfall records : 
Hackthonie, 12*75 in. (1906) ; Hororata, 11*28 in. (1891) ; Evandale, 10*58 in. 
(1912), with December, 1944 (10*43 in.), its second wettest month ; Winch- 
more, 12*65 in. (1890), with the one exception that December, 1944, 13*31 in. 
takes first place; Orari Gorge, 15*61 in. (1899); Orari Estate, 14*97 in. 
(1898); Kakahu, 14*13 in. (1910); Pleasant Point, 10*68 in. (1903); Sea- 
down, 8*44 in. (1914) ; and Waimate, 11*70 in. (1897). 

Although February, 1944, was also wet for South Canterbury, February^ 
1936, was hitherto the wettest February since the 1890's or earlier. May, 
1923, remains the record of all months in many parts of North (hnterbury, 
and March, 1902, narrowly retains its record in the Timaru region. Few 
meteorological records are available for February, 1868, wlum outstanding 
floods occurred in South (Canterbury. On that occasion an extensive 
dejiression passed over New Zealand, and rain, brought by winds from an 
easterly quarter, amounted to 8*08 in. at Mount Peel on the 3rd. 


ITT. Erosion 

The soil erosion which took place during the flood of 21st February, 
1945, may be regarded for c.onvenience as affecting three groups of soils : — 

(1) The mountain vsoils. 

(2) The soils of the downlands. 

(3) The soils of the plains. 


(1) The Mountain Soils 

The mountain soils, excepting those covering the lower eastern flanks 
of the ranges, are variously eroded from moderate to severe. Run-off is 
high, and sheet erosion takes place readily. Erosion is most active on the 
upper slopes, covered by soils of the Kaikoura series. The lower slopes 
(mainly soils of the Hurunui series) have a good cover of vegetation and 
erosion is much less active. 

Only the lower slopes -of the mountains have been examined since the 
flood, which was much less intense on the mountains than on the plains and 
downlands. On the mountain slopes many slips and slumps were observed 
under tussock, scrub, and gorse. The number, size, and distribution of 
these mass movements have not yet been assessed, but their economic 
importance is relatively small when compared with the erosion of the 
downlands. 
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(2) The Soils of the Doumlands 

The soils of the downlaiids are derived almost exclusively from loess. 
In the west there are some small areas where the soils are formed on sandstone 
of Tertiary orif^in. The texture of the downlands soils is uniformly a silt 
loam, which is very susceptible to sheet erosion. Slips and slumps, however, 
are rare, except on the steeper sandstone slopes near the ranges. 

The principal coiis(*(piences of prolonged and heavy rain on the rolling 
slopes of the downlands are gouging of gullies and the removal of topsoil by 
sheet erosion. The total sum of erosion during the February flood was 
relatively slight, though a few isolated fields showed more intensive erosion. 
During the summer months preceding the flood, rainfall had been plentiful 
and well distributed. Pastures were therefore rank. At the same time, 
there had been little cultivation, and a bare soil surface was exposed on only 
a small part of the downlands. Consecpiently, although it was already 
saturated and rainfall was intense, the soil was protected from the erosion 
which might have been expected by the dense vegetative cover. 

Sheet and Gully Erosion. — No sheet erosion, in the sense of the removal 
of topsoil as a sheet, was observed during the flood. At th(‘ height of th(' 
flood the water did not flow uniformly ox er the surface of the soil, no matter 
what the nature of the cultivation, but rather as a multitude of small stream- 
lets and rills. The more regular the surface contours, the more the small 
rills tended to coalesce into larger streamlets. Thus, a coarsely cultivated 
field broke up the run -oil* waters into many small rills, but a finely cultivated 
one encouragiMl them to unite. 

After the flood, all cultivated fields (excepting those still in furrow, which 
were not eroded) presented a pattern of innumerabh' small rills from 1 in. 
to 6 in. deep and from 1 in. to 36 in. wide. Rills less than 4 in. deep soon 
lost their sharp contours and after a few months were almost imperceptible. 
Where the field was subsequently cultivated the rills wer(‘, of course, 
obliterated, and only those more than 6 in. deep remained. After a few 
months there were no traces of any but the dei'pest gullies. 

On the Claremont and Gleniti silt loams, the two soil types characteristic 
of the downlands of Levels County and (Jeraldine County to which this brief 
survey of the immediate effects of the flood is confined, it was observed that 
the amount and degree of erosion were related directly to nature of cultiva- 
tion and angle of slope. Most uncultivated fields were not eroded. Only 
one gully on an uncultivated slope steeper than 18" was observtMl. This 
was on a slope of 25" near the foot of a 200 ft. hillside, finder grassland, 
where undulations had concentrated the run-off waters into streams, and 
where roadsides, sheep-tracks, and implement- tracks forimid natural channels, 
there were moderately deep gullies up to 2 ft. in depth. Gullies formed at 
the bottom of gentle undulations should probably be regarded as temporary 
rejuvenations of the drainage channels brought about by the sudden increase 
in the volume of water and therefore classed as natural erosion. 

Cultivated fields varied a good deal in degree of erosion. Recently 
ploughed fields, if not broken down further, did not erode. As far as could 
be observed, this was entirely independent of the direction of ploughing, 
whether along the contour or along the direc’hion of maximum slope. A 
field still in furrow so broke the force of the rivulets that they could achieve 
little in the way of erosion. Even when the furrows were directed down 
the slope, the cohesion of the overturned furrow and the irregular nature of 
the channel in between seemed to prevent any substantial erosion. Perhaps 
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a ^ood deal of water soaked through into the cavities under the furrow, 
where movement was slow and water was flowing on compact and undis- 
turbed soil. A field even in coarse clods such as might be obtained by 
disking after ploughing did not gully, but where a fine tilth had been obtained 
by harrowing or other fine cultivation, moderate gullying took place on 
slopes as genthi as 7°. Although the direction of ploughing appeared to 
have little elfect on the degree of erosion, the direction of sowing was signi- 
ficant. Tn one field of mangels planted uj) and down the slope a gully 
had developed between each row. In this field, at the foot of a 9"" slope 
80 yards in length, silt had collected to a depth of 18 in. in a depression 
8 yards wide. From a similar slope UK) yards long planted along the con- 
tour a deposit of silt only 2 yards wide by 2 in. deep had accumulated. Wheat 
paddocks in which the wheat was still standing showed no gullying, but 
where the crop had been reaped, gullies developed on slopes of about 14^. 

The general effect of angle of slope on gullying may be sunnnanzed as 
follows : — 


Stato of Cultivation. 


Miiiiniuni Slope at >vhlf]i 
Gullylns heiraii. 


(1) Finely harrowed, unplanted 

(2) Fincdy harrow(‘d, root crops U)) and down the slope 

(3) Finely harrowed, wheat stubble 

(4) Finely harrowed, wheat standing 
(/>) PloughcMl or large clods 

(0) Undisturbed jiasture . . 


r>-7^ 

5 ". 

12 °. 

14°. 

1 ()°. 

25° (one only). 


No correlation between length of slope and degree of erosion was observed. 

Soil Creep . — Soil creep (Sharpe, 1938) was limited to the topsoil and 
was observed only where this had previously beim finely cultivated. Such 
topsoil when saturated movc^d downslope readily. One field of mangels 
on a slope of 9“ showed signs of soil creep involving the topsoil to a depth 
of 5 in. The mangels were moving with the topsoil and were being gradually 
turned over by the movement. 

Slipping and Slumping . — Slipping and slumping are not commonly 
associated with loess landscapes and are unusual in South Canterbury. 
They involved only slopes greater than 20"^ and were not observed on cul- 
tivated soils. Slips occurred under both forest and grassland and seemed 
to have no relation to vegetation. Most of the slipping and other mass 
movements took place in the narrow belt of foothills at the base of the 
ranges where slopes were steeper and where sandstone soils are common. 
These slips do not appear to be related to human interference with the 
vegetation, but occurred under natural tussock cover, forest, and introduced 
grassland, and must be regarded, pending further proof, as natural geological 
erosion— that is, soil movement which would have taken place under the 
primitive cover. 

The significance of these movements to the soil conservationist lies in 
the future treatment of their products on farm lands. Both the scar and 
the slip debris should be protected at least as well as it would have been 
under primitive conditions. 
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(3) The Soils of the Plains 

The soils of the plains are alluvial in orifijin and ran^e from stony and 
boulderv loams to fine silt loams. Stream-bank erosion (lateral eorrasion) 
is oommon and takes a heavy toll of bridge approaches, bridges, and roads 
during times of heavy flood. Although th<‘ total area of soil destroyed by 
erosion of this kind is small, most of the tojisoil lost to agriculture in this 
way is from tlie ri'cent alluvial soils which flank the stream-beds and which 
are the most f(‘rtile soils of the plains. 

Erosion. During the flood, erosion was confined to stream-bank erosion, 
and was widespread throughout the whole district. The area of topsoil lost 
was small, and most of the disorganization which followed the flood was 
caused by th(* d(*striiction of bridges and roads. 

Deposition and Aijffradafion. Where stn'ams bearing loa-ds of waste 
spread over gently sloping plains, the ])henomena of deposition have an 
important bearing ujion agriculture. Jn })revions South Cant(‘rbury floods 
(extensive deposits of sands and gravels have b(*en laid by h(*avily wash- 
burdeiu'd flood-waters over adjacent river-flats, and much fertile* land has 
})C(*n buried under unjirodiictive sediments. 

The material transjiorted by streams may be* regarded broadlv as being 
of two kinds : (e/) bed load, coarse material which serves to aggrade the 
stream lied itself ; trash load, the fine mat(‘rial which is spread over 
fields by unconfined flood-water or is deposited on the floors of ponding 
areas, such as dams, lakes, or lagoons near river mouths. These two groups 
of sediments dilT(*r in both origin and method of transjiortatioii. 

{a) Bed load is that part of the load which mov(‘s at a rate directly related 
to the discharge of the stream, and is made up of coarse material (coarse 
sand, gravels, stones, and boulders) wdnch moves by rolling or sliding along 
the stream-bottom or by long jumps wdiile in temporary suspension between 
points of contact wdth the* bed. 

Bed load in flood times is derived from material already ]iresent m the 
stream-bed before the flood urged it dowmstream, and, moving slowly, it 
advances only a short distance. Very little is added to the stream-bed by 
each flood, and this (*xclusively in the upjier reaches. 

Aggradation in the low(‘r reaches of the stream taki‘s jilace mainly through 
accumulating bed load in that jiart of the course where gradients flatten 
out. However, aggradation during a flood is not relat(*d directly to the 
erosion taking place over the whole catchment. Most of the material 
aggrading the lower reaches of a river was already in the bed b(*fore the 
flood and had been derived from erosion in the ranges long before. The 
only material added during the flood (with the (‘xception of a small amount 
produced by lateral eorrasion of river-banks) consists of rocky debris fed 
into the upper reaches, and this might need many floods to transport it 
to the part of the river course where maximum aggradation takes place 
(in the lower reaches). 

Although no surveys are available to fix the exact degree of aggradation 
in the lower reaches of the Pareora, Opihi, Hae Hae Te Moana, Waihi, and 
Orari rivers, a rough inspection suggests that this has been considerable, 
especially within a distance of three to six miles from their mouths. 
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(b) Wash had is that part of the waste load which moves in true suspension 
at a rate not directly related to the discharge of the stream, and is composed 
of fine material (fine sand, silt, and clay) (Johnson, 1941). Wash load is 
directly related to the vegetative state of the catchment at the time of the 
flood, since most of it is carried into the stream by the run-off waters during 
the flood. 

The wash load borne by the principal South Canterbury streams during 
the flood was very small. The vegetation was so rank and th(‘re was so 
little land under cultivation that erosion on the downs was reduced to a 
minimum. On the ranges, rainfall during the flood period was lighter than 
on the downlands and erosion was therefore relatively slight. After the 
flood-waters had subsided it was found that the streams had dcposit(‘d very 
little sand and silt where they had spread beyond their normal confines, 
except in the immediate neighbourhood of their beds. Estimates of the 
sajid and silt loads were limited to observations of the amounts deposited 
by the flood-waters, for it was impossible to reach any of the flooded rivers 
to collect water samples. The only appreciable deposit of sand was at the 
mouth of the Opihi River, but this was relatively insignificant considering 
the extent of the flood. 

Along the roadsides and fields, where they had been swept by flood- 
waters, there were many ridges and piles of gravel, but these had been 
carried only a short distance as bed load. 

Avpendix 

The damage sustained in the (.TeiAkUne County, which received the brunt 
of the storm, is summarized from information kindly supplied liy Mr. J. K. 
Hawkridge, Engineer to the County Council. The number of bridg(*s com- 
pletely destroyed numbered twelve, eleven were badly damaged and 
impassable, while the approaches to another twenty-five suffered washouts. 
Stretches of road up to two miles in length were bared of metal, and numerous 
small washouts made roads temporarily impassable. Slips completely 
blocked roads in relatively few places. 
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NOTES ON THE SUSPENDED LOAD OF THE 
WAIMAKARIRI RIVER 

By W. N. Benson, University of Otago, Dunedin* 

{^Received for pvblication, 16th November ^ 1945] 

The incentive for the compilation of this note was the courtesy of Mr. John 
Woods, C.M.G., formerly Chief Engineer of Public Works, in supplying the 
writer with some figures derived from a study of the suspended load and 
water-discharge of the Waimakariri River which had been carried out under 
his direction during the period October, 1927, to April, 1932. The figures 


♦ Bead before the Otago Branch of the Royal Society of New Zealand, 13th 
November, 1945. 
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as first received gave the monthly averages for the Hus|)(‘nded load and 
water-discharge during that period. Grouping the fifty-four pairs of figures 
into several ranges, taking the average of the quantities within each range, 
and plotting the one series of averages against the other mad(‘ it clear that 
the average suspended load varied in rough projiortion with the cube of 
the corresjionding average water-discharge. The recognition of this relation- 
shij) is the sole original contribution made by the writer of this note. It 
was suggested, however, that it would be of interest to inv(*stigate the 
relationship further by a more detailed analysis of the figures recorded. 
This was done under Mr. Woods’ direction, and the writer was given the 
original of the curve (Fig. 1) baaed on the average* values of fourteen 
pairs of figures within as many ranges of quantities for suspended load and 
water-discharge. The cube r(‘lationship is still more* closely illustrated hy 
this curve* (hereinafter termed the S curve), and as the matter seemed 

likely to be of interest to geologists, Mr. Wooels very kinelly made the writer 
free to set eiut the results in this paper. Search was therefore made for 
record of comparable investigations, and the following notes were compiled. 

Professor Straub (1942) states that there is, at least for many rivers, a 
well-defined relation between water-discharge and the amount of sediment 
transported in suspension. “ Of course, the amount of material found in 
suspension on any day may deviate greatly from the average for the existing 
stage, dep(*nding on the conditions of the surface of tlu* drainage area, the 
location of the conc(*ntrated ])recipitation in the area, and other factors.’’ 
As ail instanc(‘ of this he gives the average curve with plotted daily 
dejiartures l)as(‘d on daily observations of the Missouri Riv(*r at Kansas 
City over a jieriod of two years. The S ~ equation for this curve is 
of the form S - 30*4 X 1()~^^ w^here S is the susjiended load and Q 

the water-discharge in tons and cubic feet per s(‘cond res])ectively. It is 
shown that, though the daily deviations of the (‘om])uted and ni(‘asured 
values are considerable, the tabulated monthly averages are m close* agree- 
ment with the above equation. It was further remarked that for other 
rivers, and even for different localities on the* same rner, the* ceiettieuent and 
the* expement in the equation might both be different from those given above. 
Thus for the* Red River, in south-eastern United States of Amerieai, the 
equatiein is of the form S - 95 x 10”' ((\inipbell and Bauder, 1940), 

while that for the Pei River, in northern Italy (Ineiri, 1935), is eif seiniewhat 
similar form. “ Usually the suspendeel leiad s(*enis to vary appreiximately 
as the square of the water-discharge, but the relation is entirely different ” 
(Straub, 1942). The equation for the Waimakariri River, with the same 
meanings attached to S and Q, would be in the form S ” 2 X 10"^ ‘ Q*’, 
with so great a difference in the value of the exponent from those in Straub’s 
citations that it may be of interest to note in what the difference may lie. 

The method adopted for estimating the suspended load in the Wainiaka- 
riri River was that followed in the older investigations of the Po River ■ 
that is to say, the amount of sediment collected in a standard bottle opened 
at a point 0*6 of the total depth from the surface was ascertained at a number 
of points at approjiriate intervals in the river cross-section. (The destruc- 
tion by fire of the records of the Waimakariri Trust Board [irevented more 
detailed information being presented as to the placing of the collecting 
points in the river cross-section.) The writer do(*s not know whether Indri’s 
(1935) measurements on the Po River followed the older methods. The study 
on the Red River followed slightly different lines (Campbell and Bauder, 1940). 
Straub’s (1942) method was a refinement of the older Italian procedure 
based “ on a mathematical analysis involving systematic integration of the 
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Fig. 1. — S = curve showing the relation between the a\eiage daily water-discharge and amount of silt transported by the 

Waimakariri River. 
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products of suspended load distribution curves and stream velocity distribu- 
tion curves ’’ develo})ed into the form S “ (f So.pd ])lus f Sq.jci), in which 
8 is the sediment-dischar).fe per unit width of stream and S^j.gd and S^-gd 
res})ectively the sediment-concentrations at 0-8 and ()'2 depths from the 
water surface* respectively and the water-discharge of the* river per unit 
width at the point e)f o})se*rvation. This is sufficiently close te) the methoel 
e)f estimatiem adopted for the Waimakariri River to le‘ave little* ground for 
the belief that the dilference betwe*e*n the two methods of sediment dete'rmina- 
tie)n is the e*X[)lanation of the difference betwee*!! the twe) elerived exponents 
of the* value Q. Tt may therefore lie effiiefly in difference in rive*r-regimen : 
it IS obvieius that the regimens eif the four riv^ers ine*ntioneei are very different. 
The e'harae*teristics of the Waimakariri River are here brie‘fly summarizeel, 
it being then k‘ft tf> those* familiar witli the characteristics of the* other 
rive*rs to peiint eiut what may be* the dominating charae*teristie*s which have 
given them so diffe*re*nt a S — curve. The eletails here given are 
summarizeel and gene*ralized from those set forth by Speight (1928), 
Wood (1933), and Cumberland (1945), other authoritative, though scatte*reel, 
se)ure*es of infeirmation being utilized in pre])aring Fig. 2. 

The course of the Waimakariri River falls inte) two elistinct })ortions, an 
upper peirtion with its tributaries cemstituting the* water-ca.te*hment areas, 
anel the lower portion tra\(*rsiug an alluvial fan, receiving no aelelitiemal 
su])ply but leising wate*r through slight artificial eleviations anel some lateral 
[lercolation. Tlie catchment-area is about 950 square miles, lies almost 
wholly on highly jointeel, ste^eply elipping argillites anel gre*ywackes, and is 
surreiuneleel anel subdivideel by rielge*s rising to heights of 6,()()0 -7,500 ft. 
abeive* sea-level The head-water \alle*ys fall rapidly tei elevations eif 
2,500 2,0()0 ft. The*y were emce glaciate*d, forming a elendntie* glacier 
reaching a maximum length of fifty mile*s, the mam “ stem ” of which 
occujiied the relatively gently mclinexl main valley imw between elevatieDiis 
e>f 2,500 anel 2,(KK)ft. with a wiele eieeply alluviated anel braieled floor, anel 
e*e)ntaining m sihf but little eif the former glacial dejiosits, nmraines, or 
varieel sediments. Beyond this large e*astwarel-flowing course* the river 
turns .southwards and [lasses through a gorge* cut 200 3(K)ft. into its 
forme*!* bed-level, an antecedent valk*y threiiigh the re*ce*ntly re*latively 
elevate*el e*astern margin of the mountainous tract. It leaves this still in a 
gorge abenit 2(K) ft. deep cut below the westw^arel limits eif the* forine*r 
alluvial fan of the river, its course acreiss which forms the seconel peirtiem 
of the river. 

The very jointed nature e>f the rocks within the cate*hment area makes 
them yield readily to frost actieni, so that many of the* higher ridges are 
covered by downwarel-creeping acrejes, the descent of which has been 
haste*ned by the weakening eif the scanty cover of tussock grasses threiugh 
over-grazing and over-burning. Below the 5,0(K) ft. contour line a sparse 
sub-alpine scrub exists which in turn gives place at alumt 4,(K)()ft. elevation 
to birch (*‘ beech ”) forest, of which nearly 180 square miles remains 
within this water catchment. Much of this has been cleared, however, 
below the 3,0(X) ft. contour lines, and here soil erosion has been accelerated 
by the processes noted above (Cumberland, 1945). Much of the higher land 
is snow-covered during the winter months, but neither snow-m(*lting nor 
the melting of the few remaining valley head glacierets contribute essentially 
to the flood waters of the river. These result from tin* dominant moisture - 
bearing north-westerly winds, which give a very variable but very high 
rainfall on the Southern Alps, averaging nearly 2()0in. jier year, but 



424 


The N.Z. Journal of Science and Technology [March 




425 


1946 ] Benson. — Notes on the Suspended Load of the 

Waimakariri River 

diminishing rapidly eastwards, and averaging only about 35 in. per year on 
the eastern margin of the Waimakariri catchment area. The 68-7 in. 
average rainfall for the catchment area deduced from the records of the 
six observation stations within it is, however, much less than the true 
maximum value, for the annual run-off derivable from such an average 
precipitation throughout the catchment area is notably less than the 
measured run-off (Furkett, 1933). The largest measured discharge from 
this catchment near to where the stream enters into the area of the alluvial 
fan was 135,fXX) cusecs, but it would seem that a flood of 150, (XX) cusecs 
lias occurred during the last seventy years (Wood, 1933). 

The lower portion of the river begins in a gorge over 200 ft. below the 
toj) of the elevated and seaward-tilted alluvial fan, here l,3(K)ft. above 
sea-level and about fifty miles from the coast. Th(» river passes in a narrow 
gorg(i through inliers of the Lower Mesozoic and the Cretaceous and Tertiary 
rocks on to which it was superjiosed on cutting through the fan-gravels. 
Eastward of this the river chanind lieconies several miles wide and much 
braided, enclosed by gravel banks which rapidly decrease m height down- 
stream until they are only 15 20 ft. high about twenty-five miles from the 
coast. Six miles from th(‘ coast and near the h(‘ad of tidal influence the 
channel suddenly constricts to a width of about 1,000 ft. and is here crossed 
by White’s or Empire Bridge, from which were made most of the measure- 
ments utilized in constructing the S — curve figured. Between the 
discliarg(»-measuring station near the gorge where the river hiaves its catchment 
area and the lower measuring station on White’s Bridge there is no addition 
to the river flow (other than by rain on the channel floor), and there may be 
some loss of water- volume by lateral percolation into the gravels of th(‘ alluvial 
fan, which feed the artesian w^ells of ChrivStchurch (Speight, 1911), a loss 
which IS small according to four ])airs of estimates of small and moderate 
flows given by Speight (1928), but quite considerable ac(‘ordmg to a ])air 
of observations of discharg(\s of a moderate flood cited by Furkett (1933) 
made at the ujifier and lower measuring-stations respectively. Possibly 
the combined effect of accelerated soil (‘rosion in the catchment area and 
loss by lateral percolation may have influenc(*d the value of th(' exponent 
in the S = relation determined beyond tin* percolation region. 

Another a})parent anomaly in the amount of the suspended load may 
be noted. Furkett (1933) called attention to the following table, given by 
Woods (1933) for measurements at White’s Bridge : — 


Yoar. 

WatiT-dlsrharj^i* ol Kivrr 
in (’ubic FoH |M*r Year 

Silt Tians])ort4‘{l in 
SiisprnsKni |)('r Yrai. 

192S . . 

148,720 X 10“ 

878,900 ton.s 

1929 .. 

180,620 X 10« 

2,734,000 tons 

1930 . . 

161,350 X 10« 

1,749,000 tons 

1931 

142,800 X 10« 

2,206,000 tons 


Contrasting the relatively small amount of suspended load transported 
by the discharge of 1928 with the almost tripled quantity carried per unit 
of discharged water during 1931, it is held that this difference may result 
from the fact that the heavy floods of 1926-27 had reipoved most of the 
readily transportable silt from the river-bed, and that it was not until two 
or three years later that there was sufficient fine sediment available on the 
river-bed to be taken up into turbulent flood waters. Nevertheless, it was 
during these years that the daily observations were accumulated which, 
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when analysed, gave the S — relation that was unknown to Mr. 
Furkett at the time his comments were made. Hence another possible 
factor in producing the relations shown in the above table may be noted — 
namely, the very great short-time effect of the high value of the exponent 
in the S = relation. It was noted that, though the deviations from 
the curve are small when averages of daily measurement {not individual 
daily measurements) are considered, they are notably larger when averages 
of monthly tol|i;|(]fare considered, as was shown by the plotting of the nionthly 
average curve which suggested this more detailed study. They would 
probably be still greater if yearly totals were considered, as a result of 
differences from year to year in the number, duration, and intensity of the 
floods. Consider three hypothetical cases in a river like the Waimakariri, 
with an average daily regimen ex))ressed by A,Q^. In case 1 a constant 
average rate of flow is maintained throughout the year. In case 11 during 
six days of the year the river flows with five times its normal discharge. 
The total water-dischargt* throughout the year is increased hy about 10 per 
cent, but th(‘ total weight of sediment transported during the year rises 
to about two and a half times its former value. In ease 111 the river is in 
flood for three days only, but the discharge during those three days is ten 
times more than the normal daily discharge. The total annual discharge 
would be the same as in east* 11 but the total amount of sediment transported 
throughout the year would be four times as great as in case II and ten times 
as gr(‘at as in case 1, provided that sufficient sediment was available for 
the stream to transport. Tt will be noted also that greatly increas(‘d amounts 
of detritus are supplied to streams during flood periods by soil-wash into 
minor tributaries. These over-simplified cases (which allow a little for the 
effect of rising and falling flood periods) may, however, serv^e to indicate 
the care which must be exercised m arguing from such n tabh* as that 
given above. " A large jiroportion of the total load may be carri(*d m 
a few days” {cf. (lilliert, 1881 ; Andrews. 1911 ; Howard, 1912) 


k CK N( ) WLE I )GxME NTS 

The writer's thanks are due to Mr. J. Woods, C.M.H., for supjilying the 
monthly average figures for the Waimakariri River and later the original 
of Fig. ] based on a study of the average daily figuri's made under his 
direction. (Tratitude must also be expressed to Mr. A. W. Hampton for 
preparing the figures from the writer's drawings. 
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Summary 

The geological episodes, including faults, since the Wellington fault are on 
the little evidence available arranged in sequence. 


Introduction 

During the winter of 1945 the proposed course of the thirty-six-inile water- 
pipe line from the Hutt River above its junction with the Pakuratahi River 
to Karori Reservoir was investigated for evidence of crustal instability 
dangerous to such a structure. In order to obtain a general jiicture of the 
geologic history of the area a brief survey was nuidii of the area between 
Hutt Valley and the west coast. Detailed work was confined to a few 
critical localities. In addition to information relating sp(*cifically to the 
course of the ])ipe-lin(*, some general impressions of the area are recorded 
in the form of a hypothesis. This area has been previously described by 
Professor C. A. Cotton, the most important papier being “ Notes on Wellington 
Ph y Biography . ” ( 1 ) 


General Geolog v 

The area is bounded on the east by the Hutt Valley depression and 
on the west by a fault coast(2). The Wellington Fault forms the west 
boundary of the Hutt Valley and continues northward to cross the Pakura- 
tahi River about a quarter of a mile above its junction with the Hutt River. 
The principal fracturedines strike, in general, slightly east of north, and 
some transverse ones undoubtedly exist. 

The area as a whole is a maturely dissected surface eroded in complexly 
folded greywacke. The hills, which rise to a maximum elevation of about 
1,500 ft., have smooth outlines. The larger valleys are broad and flat, and 
many of them are thought to have been guided by old fracture-lines. 
Pleistocene and Recent sediments floor many of the hollows and valleys. 

20 — Solence. 
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Rejuvenation of this surface, however, initiated a new cycle in which were 
carved the younger valleys of the Ngahauranga and Kaiwarra. Drowned 
topography, as at Porirua and Pahautanui, indicates recent rise of the 
sea-level. Emergence is indicated by the elevated wave-cut platforms at 
Plimmerton and Port Nicholson. 

The Wellington Fault 

Though a casual inspection of the scarp of the Wellington Fault suggests 
the major movement along it was comparatively recent, such movement 
may be as old as late Pliocene. This is indicated by the width of the wave- 
cut platform fronting the scarp and the cliffing at the inner margin of the 
platform ; cliffs about 100 ft. high back a 4-chain platform. 

Thrusting along this fault-zone is evidenced by the great width of intense 
crushing and distortion, measurable in hundreds of feet, at the Western 
Hutt Road and New Haywards Road junction, and also at Horokiwi Quarry. 

The Kaitoke Fault, presently referred to, probably indicates renewed 
movement along this fault zone. 

Old Fracture Lines 

The drainage in many places within this area is considered to be subsequent 
on old fracture lines, some of which are shown in Fig. 1. The original scarps 
of these fractures are no longer in evidence. The dissection suggests a 
considerable lapse of time since the last movements, but they may be as 
young as the last movement on the Wellington Fault. These fractures 
form an intersecting pattern, and the valleys that follow them are characteris- 
tically long and straight, as, for example. Duck Creek. 

The only movements in historic time8(3) affected the Wellington district 
as a whole and did not produce severe localized deformation except along the 
Wairarapa Fault, From the point of view of human affairs, the district 
is not considered as dangerously unstable. The view of those who consider 
that the movements in recent geological times are continuations of the 
Kaikoura orogeny is shared by the author. 

Recent Faults 

Definite evidence of recent faulting was seen at only three places within 
this area — namely, the Kaitoke Fault, the Ohariu Fault, and the Quartz 
Creek Fault. 

The Kaitoke Fault (Fig. 1) extends (as far as the writer’s observations 
were carried) south-westward for about four miles from a point about half- 
way between Kaitoke Railway-station and the Wellington Fault. It is 
parallel with the Wellington Fault and is easily identified in the field because 
the original scarp, with about 4 ft. downthrow to the south-east, forms a 
prominent feature across the flat paddocks. The small amount of dissection 
of the scarp indicates that this is a recent movement. 

The Ohariu Fault (Figs. 1 and 2) follows the Ohariu Valley about two 
miles north-west of Johnsonville. It has a downthrow to the east of about 
4 ft. and is at about the same stage of dissection as the Kaitoke Fault. It 
was mapped by McKay(4) as an active fault, but the^ only recent description 
is that by A. M. Quennell (M.S.). 

The Quartz Creek Fault (Fig. 1) follows the east side of the Kahao Valley, 
on the north side of Pahautanui Inlet. This, like the Ohariu Fault and the 
Kaitoke Fault, has been known for some time. It is very similar to the 
Ohariu Fault and, in fact, the suggestion has been made that they are on 
the same line of fracture, parallel with the coast. 
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Geologic History Hypothesis 

The geologic history of the area under consideration has been thoroughly 
investigated only so far as it bears on the course of the proposed pipe-line. 
General impressions gained from this work, however, are presented as a 
hypothesis which may serve as a starting-point for future work of a more 
comprehensive nature : — 

(1) Middle or Late Pliocene, — Last large movements on all faults in the 

area, including the Wellington Fault ; 

(2) Plio-Pleistocene, — Regional depression : 

(3) Plio-Pleistocene. — Deep alluviation : 

(4) Middle Pleistocene. — Regional tiplift : 

(5) Middle Pleistocene. — Much of the alluvium removed, except remnants 

in wide valleys such as the Hutt and Porirua, together with deep, 
narrow gorge-cutting in small valleys such as Ngahauranga and 
Kaiwarra (this last being supplemented by capture, vide Cotton) : 



Fig. 2 . — Looking down Ohariu Valley from two miles north-west of Johnson ville 
at Recent fault trace showing in centre. 


(6) Recent . — Small up-and-down movements — e.g., 1855— and small 

faults such as Kaitoke, Ohariu, and Quartz Creek. 

(7) The small high-level basins of deposition, such as at Johnsonville 

and Haywards. These deposits may have been laid down during 
the time of regional depression (Plio-Pleistocene) and later con- 
siderably cut away following the regional uplift (Miiidle Pleistocene). 
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WATER-SUPPLY FOR COASTAL AREA BETWEEN 
FOXTON AND LEVIN 

By W. E. Hall, Geological Survey, Department of Scientific and 
Industrial Research 
^Received for jiuhlication, Srd Ajml, 1946 \ 

Summary 

The coastal area between Foxton and Levin is shown to bo provided with 
flowing rivers, shallow surface water, and at least two artesian water strata 
but these are at present used inefficiently. 

Introditction 

The District Engineer, I’ulilie Works Department, requested an investigation 
of the water resources of tli(‘ Oturoa Soldiers’ Settlement and environs. 
This work w'as carried out during tli(» w(‘(‘k ending 22nd February, 1946, 
and involved a brief examination of the coastal area b(*twe(‘n Foxton and 
Levin. 

Most of the area is litth' above sea-level and is (‘sstuitially flat, ex(H*pt 
for the slightly convex cross-jirofile of the lower Manaw^atii River course 
and th(» numerous ])atehes of fixed sand-dunes. 

In the coastal strij) betw^een Foxton and Levin the evidencu' shows two 
persistent wat(‘r-bearing strata, both of which are artesian. The upper is 
non-flowing, hut the w^ater rises high in th( wells, and in tin* lowTr the 
water usually flows from tin* wells. Both these strata should produce a 
large quantity of w^ater over a considerable area, but the low^i'r is expected 
to be more widespread. In addition, it is jiossibh* to get w^ater by tapping 
the shallow w^ater-table at approximately 5 ft. to 30 ft. on any flat part 
of the ar('a. This water, however, is generally contaminated. The lower 
Manawatii River water is unsuitable because it is brackish in summer. The 
Ohau River is being used for the Levin water-supply. 


I Nature of Evidence 

Drilling information throughout this area has not, as far as the writer 
could ascertain, been scientifically recorded. Records are not usually 
made of any of the following : exact location, elevation, method, cores or 
cuttings, casing, drilling, static level, pumping, drawdown, and analyses 
of waters. Drillers’ logs are available for only a small percentage of the w^ells. 
Records of screening, packers, cement, and other valuable data do not exist. 
For information concerning the majority of the wells in this area one must 
rely on the recollections of the driller or, in his absence, those of the person 
for whom the well was put down. In view of the above, only general state- 
ments can be made at the present time. 
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Upper Water Stratum 

Some of the wells that reach this stratum are approximately located 
on the attached plan (Fig. 1). All, as far as could be ascertained, are on 
the pump. It is by no means certain that this is strictly a single aquifer. 
It varies from about 50 ft. to over 200 ft. below the surface in different 
parts of the area. 

The water sand is overlain by what is variously called “ })apa,” “ shale,” 
or “ clay.” According to the logs and oral reports, this material ranges 
from a few inches to about 20 ft. in thickness and is in some places inter- 
hngered with fine sand ; no sample of it was obtainable. Some shaly 
material outcrop j)ing along the banks of the Manawatu River at the east 
end of the Whirokino Cut is almost flat. It grades laterally into fine sand, 
and was found by Dr. H. J. Finlay to consist essentially of tuff. It seems 
likely that similar lenses at approximately one horizon may be the so-called 
papa.” 

The water sand was examined and graded by Dr. C. O. Hutton and 
found to consist essentially of sub-rounded andesitic material of fine-sand 
grade, only 5 i)er cent, being of finer grade. It is therefore very porous 
and easily sc reenable. 

Generally, initial production from this sand is good, but sometimes 
trouble follows with sanding up. In fact, it seems usual to drill only a 
very few feet below the casing (set in the “ papa ”) on this account. With 
this procedure an initial production of 5 g.p.m. is normally expected. The 
Scott No. 1 well (see plan) pumped 5 g.p.m. at 1(X) ft. for many years ; the 
Easton well at 104 ft. (2 in. casing 99 ft.) pumps 7 g.p.m. ; the 8cott No. 3 
well has 53 ft. of open hole below the casing set in ‘‘ papa ” at 94 ft., and 
the initial production on the pump was 7 g.p.m. ; but sanding up has been 
a constant source of trouble. Many other sketchy well histories are obtain- 
able from this area, but none indicates that the sanding-up of this upper 
horizon has been adequately handled. 


Lower Flowing Water Horizon 

Within the area concerned four quite good flowing wells were noted 
(see Fig. 1). At the south end of the Foxton Viaduct there is an old well 
which is flowing between 5 g.p.m. and 10 g.p.m. The Jackson well, at the 
north-east corner of the Oturoa Settlement, maintains a good flow from 
over 400 ft. One well on the Stewart farm has good flowing water from 
412 ft., and an old well at the Hokio Boys’ School still has a good flow 
from 550 ft. 

In addition to the above information, the writer was informed that a 
number of flowing wells in the vicinity of Koputaroa produce at from 50 ft. 
to 100 ft., and the flowing wells that supply the Foxton water-tower produce 
40 -f g.p.m. from 210 ft. 

In the absence of well samples, and in face of such scanty information, 
it is not certain that there is only one flowing horizon. Flowing water, 
however, is clearly very widespread in this area. Further, a gradual 
deepening of the flowing horizons to the south-west is apparent. 
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Deep flowing horizons may be present as at Palmerston North, where, 
according to drillers^ information, one was encountered between 220 ft. 
and 280 ft. and another between 330 ft. and 400 ft., the lower being much 
more productive and ranging up to 100 g.p.m. through 4 in. casing. 

According to scanty records, the material of the flowing aquifers appears 
to be variable — it may be fine or coarse sand, or gravel. 


Conclusions 

In the general area of the Oturoa Settlement the water-table is always 
close to the surface and locally intersects it in numerous places, where small 
swamps are choked with rotting vegetation. For this reason, surface wells 
10 ft. to 30 ft. deep are generally contaminated and the water is not suitable 
for human consumption. 

The variation in depth of the upper water stratum could be partly 
accounted for if the overlyin'j; papa ” were lenticular. Th(‘. “ papa ” may 
have been laid down in lakes and stream backwaters during a (jonsiderable 
length of time. According to this theory, it would be possible to drill through 
alternating shale and sand lenses with different conditions in each as to water 
analyses, amount of water, and character of sand. The fineness of the 
producing sand of this stratum has been the cause of endless trouble in the 
past, and has necessitated the bit penetrating as little as y)ossible below 
the casing to avoid caving and sanding up. With screening, cementing, 
packing, and other well-established methods it should be possible to utilize 
the full thickness of any producing beds and even to tay) several in a single 
well. From a single sample, mentioned earlier, the producing sand apy)ears 
to be in the fine-sand grade and is thus easily scrcenable. In fact, no well 
should be drilled into such material without careful consideration of screening. 

There appears to be considerable water in this general stratum and there 
is no reason why a good supply should not be found anywhere in the area 
concerned. It is possible, however, that, owing to local thinning or Assuring 
of the overlying ‘‘ papa,’’ cementing of the sand, or other causes, trouble 
might be encountered. In such cases an offset well a chain or two away 
might be necessary. In the case of wells that have developed trouble with 
sanding up, especially those with a considerable open hole such as Scott No. 3, 
no permanent solution of the trouble is likely other than sinking a new well 
with proper precautions to prevent a recurrence of the difficulty. If an 
additional string of casing was run to overcome this trouble, the danger of 
pollution due to defects in the old casing and other causes would remain. 

The evidence from artesian wells cited above indicates that good artesian 
water is to be had anywhere in this coavstal belt. Considering the natute 
of artesian aquifers and the fact that such water is already utilized as far 
north as Foxton and as far south as Hokio Stream (the Hmits of the writer^s 
investigations), it is reasonable to infer that artesian strata will extend 
considerably beyond the area concerned. The depth of artesian water has 
been shown to vary considerably, with a general deepening to the south- 
west. In the neighbouihood of the Oturoa Settlement it is probably of 
the order of 450 ft. Deeper artesian horizons are to be expected here. 

An attempt was made to determine the stratigraphic interval between 
the upper and the lower water strata. It appears that the well at the Hokio 
Boys’ School encountered a good flow of water just below 5 ft. of ‘‘ papa ” 
at 335 ft. This may be the upper stratum, and, if so, the interval in this 
locality is about 215 ft. 
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Recommendations 

General , — It is recoininended that a fully recorded test hole be si ink in 
this area and that, according to the conditions encountered, it be put down 
500 ft. to 800 ft. 

In view of the importance of ground water, it is strongly recommended 
that accurate and complete records should be made in future at the actual 
time of drilling, and that these records should include the following : a 
careful log, supplemented, if possible, by cores or cuttings ; casing and 
screen, &c., record ; exact location ; type of drilling rig ; type of drilling 
encountered ; pump or flow ; water analyses from each sand ; initial pro- 
duction ; drawdown ; and temperatures, &c. 

Conservation. — Ground- water supplies are not inexhaustible, and, further, 
fluctuate from season to season. If up-to-date drilling methods are adopted, 
even though the initial expense would be greater, a big demand would 
develop for wells, as shortage of water in summer is probably the biggest 
difficulty of most of the farmers. Also, the water needs of future industrial 
expansion must not be overlooked. The withdrawal of large quantities of; 
water will lower the static level, and this applies equally to deep horizons, i 
which, when once depleted, are harder to restore than shallow ones. Shallow 
and dee]) alike ultimately depend on rain-water. It is recommended that 
some form of conservation control be instituted and that only sufficient; 
wat(T to meet requirements be drawn off at any time, even in winter. 

Polhition . — The Scott No. 1 well, after pumping about 5 g.p.m. for a 
number of years, suddcmly became polluted. This sugg(‘sts casing trouble 
due to corrosive water outside the upper part of the hole. If analyses 
were taken of all waters encountered, precautions (such as cementing or 
special ])ipe at the danger zones) could be taken against such occurrences. 
The loss of a single well in this manner is far less important than the fact 
that a large area of the good water is likely to be polluted. 

W(‘lls that are no longer needed and are just left to flow unrestricted 
(there are several in this area) are liable to cause pollution sooner or later, 
and it is recommended that all abandoned wells should be properly sealed 

Wells located in cow-yards and near sewage are liable to pollution. It 
is recommended that the acceptable distance of 50 ft. from any source of 
pollution should be insisted upon. 
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EARTHQUAKES IN NEW ZEALAND DURING 
THE YEAR 1945 

By R. C. Hayes, Dominion Observatory, Department of Scientific and 

Industrial Research 
{Seceived for publication, 11th February, 1946'] 

The accompanying map shows the epicentres of earthquakes in the New 
Zealand region during the year 1945. Shocks with origins deeper than 








1946] Hayes. — Earthquakes in New Zealand 437 

DURING the Year 1945 

normal are indicated by special symbols. Accuracy of epicentre deter- 
mination is also indicated. 

The two ins(it maps show the approximate* isoseismals of two of the 
most notable shocks during the year. 


Some additional particulars of the earthquakes whose epicentres are 
shown on the mam map are given below : — 
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♦ G.M.T. (Greenwich Mean Time) is 12h. OOm. slow on New Zealand Standard Time. 
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* O.M.T. (Greenwich Mean Time) is 12h. 00m, bIow^ on New Zealand Standard I’lme, 

The followinsr earthqnalces, tabulated above, were centred outside the boundary of the map : 
Nos. 36, 123. 124. 
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OREPUKI COALFIELD, SOUTHLAND 

By R. W. Willett, Geological Survey, Department of Scientific and 

Industrial Research 
[liccfiivcd for jmhlirationy 6th May, J946] 

Summary 

The area described lies on the south-west roast of Southland alwnit 
43 miles west of Invercargill. The coalfield occupies 4 s(iiiare miles 
adjacent to the township of Orepuki, and has been worked intermittently 
since about 1882 at the shale-works and on the Wairnearnea Kiver. A total of 
30,745 tons of eoal has been produced since 1882. The coal ranges in thickness 
from 8 ft. to 26 ft., overlain by 9 in. to 4 ft. 9 in. of oil-shale, and dips about 
1 in 4. The coal-measures are separatcnl from the basal igneous complex by 
a few feet of sandstone and are overlain by fossiliferous beds of A\'haingaroan 
age. Plans of past and present workings are presented. 'J'he structure of the 
field, apart from areas near the margins, is not clear, but there is sufficient 
evidence to suggest that it is much faulted. Considerable drilling would bo 
required to prove the fiehl before any major coal-mining venture could be 
undertaken. The coal is a lignite of just over 9,900 B.Tb.U. pei pound. 


Previous Work 

The area covered by the Orepuki Coalfield has been already described and 
geologic conditions discussed by Messrs. Willett and Wellman (1940) in a 
re])ort dealing with the Orejmki oiKshale, in which mention was merely 
made of the occurreiKU' of coal underlying the oil-shal(‘. An account of all 
the previous geological reports on this area is also present(‘d in that report. 

In 1882 the Orepuki Coal and Shale Co. began ofierations in the vicinity 
of the now disused shale-works, and about 1894 abandoned all operations 
(plans of these workings are shown in Fig. 5, Willett and Wellman, 1940, 
p. 98b). The earlier workings covered a small area and were ojierated from 
1882 to 1890 and })roduced 4,728 tons of coal. About 1887 this mine had 
jiractically ceased work. Only a small amount of coal was being mined, and 
that was later recovered from a small opencast for local consunifition. The 
low prices and lack of market were stated as reasons for cessation of work. 
In 1891 a fresh start was made on the east of the Taunoa Creek (see Fig. 5, 
Willett and Wellman, 1940, p. 98b), where dip workings were opened up and 
operated until 1894. Coal-production was small, biuiig 655 tons. The 
mine ceased operation largely because of the lack of market. Hector (1894) 
described this mine in his report on the Orepuki area. 

The Mines Inspector’s report for 1893 states that the roof was composed 
of soft laminated rocks over 4 ft. of oil-shale, 7 ft. to 8 ft. of coal with odd 
bands of oil-shale, 5 ft. of good coal, and Gin. of oil-shale. The nature of 
the floor below the last layer of oil-shale is not given. The rights of this 
area were taken over by the New Zealand Collieries, Kail way, and Oil 
Syndicate, Ltd., in 1899, and an extensive boring and prospecting programme 
carried out. A new mine was then developed to the east of the old 1882-90 
workings which was operated until 1903, producing 18,988 tons of coal 
together with 14,422 tons of oil-shale. The margins of the coal-measures 
having been reached, mining difiiculties resulting from the faulted nature 
of the country and the bad roof brought about the cessation of activity on 
the 17th July, 1903. 

On the northern margin of the coalfield lies the second area where coal 
was mined extensively and which is to-day the scene of renewed mining 
activity. On the banks of the Wairnearnea River, 22 chains west-north-West 
of the present coal-mine, opencast working started in 1885 and continued 
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intermittently until 1904, producing 156 tons of coal. In 1917 these o|>encast 
workings were recommenced and were bought out in 1918 by the New 
Zealand Coal and Oil Co. ; a new mine was commenced about 8 chains 
south-east of the old opencast. These workings were fairly extensive (see 
Fig. 1), but after producing 10,003 tons of coal ceased operations in 1922. 
The opencast that operated from 1917 to 1918 produced 1,983 tons. 

In 1932, Hennessey’s opencast workings were commenced about 10 chains 
upstream from the old mine on the banks of the Waimeamea River. These 
operations were carried on in a small way until the end of 1943, and produced 
in all 2,252| tons. Early in 1944 the Waimeamea Coal Co. commenced 
underground operations immediately adjacent to the opencast workings 
that had just ceased, driving south -south-east along the strike of the coal 
(see Fig. 1). To the end of 1944 this mine had produced 914 tons of coal. 

During 1944 a small opencast mine was opened up immediately east of 
the site of the shale-works (see Fig. 2), the overburden, consisting of old tailings 
and gravels, being removed by sluicing, and the coal hewn by hand. A thick- 
ness of about 5 ft. is being worked. 

Since the commencement of coal-winning operations in the Orepuki 
district the area adjacent to the shale- works has yielded 24,437 tons, and 
that near the Waimeamea River 15,308| tons, making in all a total of 
39,745J tons since 1882. 

General Geology 

The geology and topography of the Orepuki district is fully discussed by 
Willett and Wellman (1940) in a report on the Orepuki oil-shale deposits. 
At present practically nothing can be added to that discussion. The 
examination of further mudstone samples has, however, placed the lowest 
marine beds in the area as Whaingaroan (Dr. H. J. Finlay, pers. com.), 
which places the coal-measures immediately pre-Whaingaroan, and not 
Duntroonian as stated in the report on the oil-shale (1941, p. 87 b). 

The coal-measures occur at the base of the Tertiary sequence in this 
area, and the main coal-seam at the base of the measures, which are about 
150 ft. thick, ranges from 5 ft. to 26 ft. The coal-seam is separated from 
the granitic basement rock by 2 ft. to 4 ft. of sandstone and is overlain by 
8 in. to 4 ft. 6 in. of oil-shale. Near the shale-works site, Hector (1894) 
described two coal-seams, the u])per, 5 ft. thick, separated from the lower by 
4 ft. of fireclay. The lower seam contained 8 in. of interbedded oil-shale near 
the top. These sections were described from a new mine on the east side of 
the Taunoa Creek which operated from 1891 to 1894. Hector (1894, p. 41) 
considered that from a comparison of these two sections the coal thickened 
towards the dip, while the oil-shale seemed to decrease in thickness and value. 
Hector also stated that the quality of the lower seam was good of its kind, 
being compact and hard with a good cleavage and conchoidal fracture and 
the joints covered with films of pyrites. The coal in this area dips to the 
south-south-east at 10° to 15°. This area, adjacent to the shale-works site 
is separated from the main coalfield by a buried granitic ridge on the coastal 
or westward side of which the coal-measures dip to the west-south-west at 
15°, Along a line running north-west of the shale-works four holes were 
drilled for the New Zealand Coal and Oil Co. in its search for a new shale 
area, and these showed that the coal-measures ranged in thickness from 
94 ft. to 150 ft. and contained several thin seams of coal above the main 
seam, the latter being up to 26 J ft. thick and generally near the top of a 
thin seam of interbedded shale. The main coal-seam always underlies the 
main oil-shale seam, though some of the logs reveal thin coal and shale 
seams interbedded within clays of the upper part of the measures. In the 
deepest hole, about 24 chains north-north-west of the shale-works, the main 
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coal-seam is 11 ft. thick at a depth of 483 ft. from the surface and appears 
to vary greatly. The thickest coal encountered is in another hole at 384 ft., 
where 26 ft. was found split into two seams of 11 ft. and 15ft. by 1ft, of 
oil-shale. The line of holes was oblique to the direction of dip, but all 
information indicated that the measures are dipping about 1 in 4 westward. 
The coal-measures do not outcrop on the coast. Sections illustrating the 
possible structure are presented by Willett and Wellman (1941). The present 
opencast workings in the shale-works area reveal that the upper part of the 
10 ft. seam contains thin interbedded shale seams up to 6 in. thick. The 
presence of the oil-shale in this coal probably accounts for the sulphur 
content being higher than that from the Waimeamea Coal-mine. Although 
the 6 in. seam of oil-shale was rejected in sampling, the thinner streaks were 
included. 

In the northern part of the coalfield the geologic conditions are similar, 
although along the Waimeamea River the oil-shale is only 8 in. thick and 
rests directly upon the main 12 ft. coal-seam. Overlying the shale and coal 
is a bedded carbonaceous mudstone. The coal-seam dips about 15° to the 
south-south- west and crops out at several points along the Waimeamea 
River between the present coal-mine and the old o])encast workings. 

Structure 

Because of the lack of outcrops of the coal-measures, little can be said 
about the structure of the area. Willett and Wellman (1941, p. 9 ()b) discussed 
the probable structure of the area and stressed the lack of information, but 
it is evident from the little information available that the field is complicated. 
The old reports of the mines all mention the presence of faults that have 
affected the working of the mines to a greater or less degree. The mine plans 
of the Orepuki Shale and Coal Mine and the Orepuki Mine on the Waimeamea 
both show numerous faults, and the working of the latter was terminated by 
a large fault. On the evidence of the past workings, any further mining 
operations must expect numerous faults, some seriously affecting the coal- 
seam. 

Present Operations 

The Waimeamea Coal-mine is situated on the south bank of the 
Waimeamea River about 2 miles north-north -east of Orepuki and about 
14 chains east of the original Orepuki Coal-mine which was opened down- 
stream. The present mine was opened at the end of 1943 in Section 13, 
Block 3, of the Longwood Survey District. 

The coal-seam is 10 ft. to 15 ft. thick and strikes 145° with a dip of 10° to 
the south-west. It is overlain by a soft-bedded carbonaceous mudstone 
which is separated from the coal-seam by 8 in. of oil-shale. Thin bands of 
oil-shale were noted within the coal itself. The bottom of the coal could 
not be seen, but it is likely to be similar to that noted elsewhere in the 
area — i.e., about 4 ft. of hard sandstone resting directly upon the basement 
igneous rocks. 

The main trucking level has been driven along the strike of the seam for 
a distance of about 4 chains ; from it three small rises branch and a short 
drive extends towards the dip (Fig. 1). The end of the main level en- 
countered a fault which, on examination, appeared to have a throw greater 
than the seam thickness. The fault dips to the north-west at 50° and the 
sand below the seam is exposed by it. Further work revealed the coal in 
the roof, A rise driven at an oblique angle to the dip of the coal encountered 
what appeared to be another fault with’ no great throw but with the same 
strike and dip as the previous one ; however, it proved to be the same fault. 
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It is apparent that the throw of the fault decreases along the strike in a 
north-east direction, but what it does in the opposite direction is not known. 
It is the manager’s intention to drive through the fault in the rise and then 
drive along the strike of the seam parallel to the main k^vel. It aj)pear8 
likely that if the main level is pushed on j)ast the fault the coal will be 
encountered, as it seems to be striking obliquely to the main level beyond 
the fault. The work must be ])ushed on along the level, as there is practically 
no rise coal to the north-east, there being al)out 2 chains between the main 
level and the outcrop. In fact, the surface has already been reached by 
one rise. The level has not been pushed on far enough to enable any quantity 
of dip coal to be develoi)ed, and, further, the proximity of this mine to the 
old Avorkings of the Orepuki Coal-mine considerably lessens the available 
quantity of dip coal. In the direction of the strike of the seam — namely, 
to the south-east— the nearest reported occurrence of coal is in Coal Creek, 
about 40 chains to the south-east. Between the mine and Coal Creek is 
a considerable un])roved area, and it is towards this arc^a that the present 
workings are being driven. It would be wise for the company to sink some 
auger holes ov('r the ridge between the Waimeamea and Coal Creek to obtain 
some idea of the (h‘[)th and continuity of the seam. 

The workings of the Orepuki Coal-mine on the Waimeam(*a River were 
to the WTst of the ])resent mine and covered an area of about 84 square chains, 
extending to a point within 1 2 chains of the present mine workings. The 
seam dipped at 15° to the south-west. On the plan of the old workings 
many small paralhd faults are shown, but they seem to have had little throw^ 
and have not affected the workings at all. There is a large fault oblique 
to the oth(‘rs w^hich appears to terminate the workings in the south-east area. 
In the Ins})ector’s report for 1922 (C.-2, 1923) it is stated : “ mining operations 
were suspended in September, 1922, because of a fault and trouble in the dip 
extension and in the lower levels.” 

It is reasonable to expect that similar faulting will be encountered in the 
present workings, and so far this ajipears to be the case with small faults 
of varying throw. The large fault that terminated the old workings runs east, 
and if it persists the ])resent workings will have to be driven 3 chains before 
it is encountered. If this is so, the area of coal available is further limited, 
and it is thus important that the main level should be driven on to determine 
whether the large fault does extend eastwards as far as the present area. 

Recently ojiencast coal workings (Fig. 2) were started on a small scale 
immediately east of the old shale-works. Here there is a fair area of coal, 
about 60 square chains, about 10 ft. thick and under a cover ranging from 
2 ft. to 20 ft. This area has in the past been worked for gold, a considerable 
amount of the original cover having been removed, and in many places 
being represented by heaps of tailings. The coal formed the bottom during 
gold-winning operations. The overburden is at })resent being removed by 
sluicing. The coal-measures belong to the Waimeamea Series and are 
truncated by the overlying Orepuki Series, which represents the overburden. 

At the present opencast, 5 ft. of coal is worked, the seam dij)ping to the 
south-east at 10°, the bottom not being visible. Interbedded in the coal 
near the top is a 6 in. seam of oil-shale. The coal was overlain by 2 ft. of 
heavy gravels which have been removed by sluicing. There is probably a 
considerable tonnage of coal (approximately 40,000 tons) available here. 
The overburden would be more easily stripped with machinery than with 
water, as the head is too small and some of the tailings are made up of 
extremely large boulders. Disposal of the overburden is not easy, and if 
any large work is contemplated, some system of back-filling will have to 
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be used as there is a limit to the amount of material that can be pushed 
towards the creek against the terrace on the north side of the property. At 
present, however, the size of the operation is limited by man -power and 
capital, so that the present methods are quite suitable. This area is one of 
the few places in the Orepuki area — in fact, the only large one — where coal 
can be worked opencast. 

Analyses 
Proximate Analyses 

(Nos. 1-8 on air-dried coal : No. 9 on coal as mined) 


— 

1 . 

2. 

a. 

4. 

.5. 

6 . 

7. 

8. 

0. 

Moisture (per cent.) 
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20-2 

20-5 

20 0 

20-6 

19-6 

171 

25*0 

Volatile matter (per 
cent.) 

37-2 

29-5 

30-7 

32-3 

32-8 

31-6 

32-3 

30*6 

39*0 

Fixed carbon (per cent.) 

4M 

43-4 

43-9 

42-8 

39-8 

44-2 

43-9 

33*1 

30*0 

Ash (per cent.) 

2-6 

71 

5*2 

4.4 

7-4 

3-6 

4-2 

19*2 

6*0 

Sulphur (per cent.) . . 



. . 

. . 



. . 

. . 

4*2 

Calorific value (B.Th.U. 
per pound) 

• • 




• ‘ 

• * 

• • 

• • 

8,440 


Loss OF Moisture on Air-drying 
(Nos. 10-13) 


— 

10. 

11. 

12. 

1 13. 

Percentage loss 

5*4 

4*5 
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1 4*2 
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Proximate Analyses 
(Nos. 10-13 on air-dried coal) 


— 

10 . 

11. 

12. 

13. 

Moisture (per cent.) 

20-6 

22*8 

22*8 

21*9 

Volatile matter (per cent.) 

36*6 

36*2 

36*8 

37*6 

Fixed carbon (per cent.) 

36*1 

38*8 

36*8 

32*6 

Ash (per cent.) 

6*7 

3*2 

3*6 

8*1 

Sulphur (per cent.) 

4*1 

0*7 

1*2 

6*5 

Calorific value (B.Th.U. per pound) 

9,090 

9,080 

8,760 

8,600 


Ultimate Analyses 

(Nos. 10-13 calculated to dry, ash-free coal) 


— 

10 . 

11 . 

12. 

13. 

Carbon (per cent.) . . . . . . 

66*6 

72-0 

091 

66-9 

Hydrogen (per cent.) . . . . . . 

4*7 

4*9 

6*3 

5*1 

Nitrogen (per cent.) 

0*8 

1*4 

1*3 

0*9 

Sulphur (total), (per cent.) 

5*7 

0*9 

1*7 

7*8 

Oxygen (by difference), (per cent.) 

22*3 

20*8 

22*6 

19*3 


1. Hutton and Ulrich, P. lOi), 1875. 

2. Hector, Rept. Oeol. Explor, No. 22, Progress B^poft, pp. 41, 18U4. 

3. Ditto. 

4. „ 

5 . .. 


0« If 

P. Report on analyses of New Zealand coals, Dominion Laboratory, 1007. 

10. C.S. dl3 : Cool Survey Report, C.S.H. 141, 17th November, 1044, Telfer and Shaw opencast. 

11. O.S. C14 : Coul Survey Report, C,S.R, 141, I7th November, 1044, Waimeamea Coal-mine. 

12. C.8. 732 : Waimeamea Coal-mine, 10th July, 1045. 

13. C.S. 734 Telfer and Shaw opencast, 10th July, 1045* 
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Conclusion 

The Orepuki area presents reasonable prospects of developing into a coal- 
field of considerable extent, but before any large development is contemplated 
exploration of the field by drilling is imperative. What surfa(*e information 
there is has already been obtained, and it is now necessary to supplement 
this meagre knowledge by drilling. From the geological and structural 
point of view all that has been discussed in the oil-shale report of 1941 
applies equally well to the area as a coalfield, because of the intimate 
association of the coal and oil-shale seams. As the history of all previous 
mining operations indicates the presence of serious faults that affected their 
working and life, structural complications must be exj)ected. The Orepuki 
field and the Hokonui area between Forest Hill and Hedgehope are the 
only areas that have been worked in Southland whose coal is almost equal 
in calorific value to Ohai coal and of which there is a certain amount of 
information av^ailable. As the search for further coal, other than the 
Mataura lignite type, proceeds in Southland, both the Orepuki and Hokonui 
areas will no doubt receive attention. The calorific value of the Orepuki 
coal is 9,080, compared with 9,930 B.Th.U. per ])ound for Ohai coal, the 
latter having a lower ash, moisture, and sulphur content. 
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TESTS WITH TIMBER PRESERVATIVES IN 
NEW ZEALAND 

By J, M. Kelsey, Entoiriologist, Entomology Division, Department of 
Scientific and Industrial Research, Nelson 

[Received for publication^ 20th May, 1046\ 

Summary 

Ilesults of tests with three water-soluble and three oil-soluble timber- 
preservatives are recorded. Tests include effects in retarding oviposition and 
larva survival using Anobmm pnnctatum as the test insect, and effects of 
various brush coatings on survival of Anohium larvae and Calotermes hrouni in 
already infested timber. Various recommendations are made, and an appendix 
gives alternative formulae and service records. 

Introduction 

The following accounts apply to experiments carried out from D)4r3 to the 
present, and it must be clearly understood that they are small-scale tests 
designed merely to give an indication as to the relative merits of the various 
timber-preservatives available in New Zealand or on which tests have been 
carried out in this country. In cases where the same preservative* is used 
in other countries in alternative solvents and carriers, the formula) are giv(*n 
in an appendix to this paper, together with reports by scientific institutions 
as to their possibilities. 

Since the present tests have been under observation for such a short 
time, care should be taken in the interpretation of the results in terms of 
permanency of any of these preservatives. CoiLsistent results may be 
obtained in successive tests, and then entirely conflicting figures b(* obtained 
with the same insect and preservative in a new series of tests on the same 
species of timber. A great deal of work must still be carried out before an 
accurate knowledge is gained of all factors with a bearing on toxicity and 
penetration of timber-preservatives. 

It is pointed out, too, that under the conditions of the following experi- 
ments there was optimum opportunity for Anohium to infest the wood, 
whereas it is often found under natural conditions that these same timbers 
will not be attacked by this insect till they have been seasoned for several 
years. 

The experiments were undertaken more to evaluate the preservatives 
used for controlling borer infestations in buildings, rather than to test 
those preservatives such as Tanalith, zinc chloride, and Celcure that are 
suitable primarily for pre-treatment of timber prior to its use for con- 
struction purposes. However, all the preservatives discussed were tested 
also from the viewpoint of pre-treatment, and results are recorded in 
Tables I, II, and III. 


Test Insects 

Anohium punclatum de Geer carries out the most widespread damage 
to seasoned timbers in New Zealand and it was selected as a test of effective- 
ness of the preservatives. 

' In the brush treatment of already infested wood, smaller tests were run 
using the native termite, Calotermes hrouni Frogg. 
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Preservatives 

These preservatives are divided into water-soluble and oil-soluble types, 
and the following is a list of those used : — 

I. Water-soluble Preservatives 

(a) Tanalith, -One of the Wolmau salts containing sodium fluoride, 
sodium chromate, sodium arsenate, and dinitrophenol. It was used as a 
2 per cent, w^ater solution to give an average dry salt retention for the whole 
load of 0*25 lb. per cubic foot of timber. It was applied under pressure, 
and the treated wood, which has a uniform yellowish colour, can be staiiu'd 
with water, oil, or spirit stains and does not cause paint failure. 

(h) Cehure, consisting of potassium dichromate, copper sulphate, 
acetic acid, or an acetate and, sometimes, a small amount of boric acid. 
It was applied under pr(;ssure as a 4° Twd. solution to give a pick-up of 
5*1 gallons per cubic foot of timber. Treated wood has a greyish-blue 
colour and can be stained with water, oil, or spirit stains and does not cause 
paint failure. 

(c) Zinc chloride as a 4 per cent, by weight aqueous solution to give an 
average dry salt retention of 1 lb. per cubic foot of timber. Treated wood 
is clean and can b(*, stained with water, oil, or spirit stains and does not 
cause paint failure. 


II. Oil-soluble Preservatives 
(d) Pentachlor phenol : — 

(1) Boracnre, —Reported to have the following composition : - 

Per Cent, 
by Weight. 


Pentachlorphenol . . . . . . 5 

Pine-oil . . . . . . . . 1 

Standesol . . . . . . . . 94 

(2) K. 1, made by the writer, as follows : — 

Pentachlorphenol . . . . . . 5 

Pine-oil . . . . . . . . 1 

Standesol . . . . . . . . 94 

(3) K. 2, made by the writer, as follows : — 

Pentachlorphenol . . . . . . 5 

Linseed-oil . . . . . . . . 2 

Kerosene . . . . . . . . 93 

(4) K, 3, made by the writer, as follows : — 

Pentachlorphenol . . . . . . 5 

Pine-oil . . . . . . . . 2 

Kerosene . . . . . . . . 93 


(e) RentokiL — Reported to contain chlorinated naphthas in a mixture of 
vegetable and mineral oils. 

(/) Timber Treatments^ of which the principal ingredient is zinc naphthe- 
nate in mineral oil solvents. 

(g) Kerosene, lighting quality. 

(h) Kerosene and turpentine as a 50 : 50 mixture. 

(^) Paradichlorobenzene as a 5 per cent solution in lighting kerosene. 

(j) Ortkodichlorobmzene as a 5 per cent, solution in lighting kerosene. 
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Technique 

A. GeneraL — The work was divided into two major groups, as follows : — 

(1) Egg-laying experiments with Anobiunij subdivided into — 

(a) Compulsion tests, where each cage contained blocks treated 
with a single preservative. 

(h) Preference tests, where each cage contained blocks repre- 
sentative of the different preservatives. 

(c) Preference tests, where each cage contained treated and 
untreated blocks. 

(d) Control experiments with untreated blocks. 

(2) Larva-susceptibility tests, in which — 

(a) Anobium larvae were transferred from untreated timber to 
holes drilled in treated blocks. (Technique due to G. Becker in 
Germany.) 

(b) Anobium larvae and Calotermes brouni in infested timber 
were subjected to brush applications of preservatives. 

B. Timbers used for egg-laying tests were well seasoned, air-dried, sap- 
wood blocks 2 in. X 1 in. X 1 in. of the following species : — 

Kahikatea (Podocarpus dacrydioides A, Rich.). 

Rimu (Dacrydiuw cupressinum Boland.). 

Insignis pine (Pinus radiata D. Don.). 

The last species listed was the only one used in larva-transfer work, and 
well-seasoned, air-dried sapwood of matai (Podocarpus spicahis R. Br.) was 
employed for brush treatment with Anobium, and kahikatea for Calotermes 
brouni. 

All blocks for any timber species were cut from the same board, and 
care was taken to secure samples free from knots, cracks, or other blemishes. 
They were kept under normal room temperatures, and examined by means 
of a binocular microscope to ensure that they were not already infested. 

C. Application of Preservatives to Samples. The Tanalith samples were 
taken from studs 8 ft. x 4 in. x 2 in. treat/ed on 6th February, 1945, at 
the pressure plant of the New Zealand Forest Products, Ltd. mill at Pinedale. 
They were thoroughly air-dried prior to cutting into sample blocks, to avoid 
the possibility of surplus liquid running over freshly cut surfaces. 

The Celcure samples were pressure treated in April, 1940, at Glasgow, 
Bcotland, by G. Gunn, the originator of the Celcure process. The timber 
was supplied from New Zealand by New Zealand Forest Products, Ltd. 

Blocks were submerged in the zinc chloride and the oil-soluble preserva- 
tives until tests showed that they were completely penetrated. Sufficient 
samples were treated at one time to permit tests being carried out for five 
years with each preservative in order to secure results after varying periods 
of seasoning. 

D. Penetration of Preservatives, — The times taken to secure complete 
penetration varied greatly, the oil-soluble types penetrating more readily 
than the water-born preservative. In general, the time ratio for treatment 
with zinc chloride and oil-soluble materials was 5:2. 

Indicators for depth of penetration were dyes which were dissolved in 
the treating fluids, and a 10 per cent, aqueous solution of silver nitrate for 
the zinc chloride and pentachlorphenol preservatives. In the presence of 
vegetable oils the silver nitrate was not a good indicator, but in the absence 
of these oils it gave excellent results. 

In water solutions there was often a lag of between one minute and up to 
twenty hours in penetration of some of the dyes behind that of the water 
before the blocks were completely stained, whereas in the oil solutions the 
same dyes penetrated as rapidly as did the solvents. Other dyes penetrated 
as quickly as did the water. 
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Retention of preservative expressed in terms of dry salt was recorded 
only in the case of zinc chloride and Tanalith. 

E. Recording Results.— In egg-laying experiments, “ tunnelling in ” of 
larvee was recorded when larvae had bored their way into the wood to a 
depth so that they were hidden by frass pellets of their own making— i.e., 
after tunnelling in approximately 2 mm. In the case of survival ” of 
larvae in egg-laying experiments, the blocks for seasons 1943-44 and 1944r-45 
were split up after twelve months : those for 1945-46, after two months, 
as these tests were discontinued in February, 1946. For larva-transfer work, 
blocks were split up eight months after setting up experiments, the next 
series being set up as soon as the last in the same group had been concluded. 
In brush tests the numl)ers of Amhhm larva? and Calotermes hrouni dead 
and alive were recorded. 


Experiments 

Egg-laying Conijtulsion Tests with Anohium 

Table I gives results of egg-laying tests where blocks treated with single 
preservatives were enclosed in separate cages with Anohium beetles sexed 
according to the technique adopted by Kelsey, Spiller, and Denne (1945). 
Five replicates for each test were used each year, and two female beetles 
were used for each of these replicates. 


Table I 


PreKor> atlve. 

Date 

Blocks 

treated 

Timber. 

Number of 
laid. 

Number »)f Lar\te 
tunnellinn in 

Number of J.iarviie 
alive in 

December, 

Feb., 

1«42- 

44. 

1044- 

4.") 

104.')- 

4(5. 

1942 

44. 

1944- 

4.5 

194.5 

46. 

1944. 

1945. 

1946. 

Taiialitii 

7/2/L'» 

/'. ratliaia 



.281 



.257 



22^ 

Celcuro 

? '4/M) 




.297 



272 



222 

Zinc chloride 

11 0/44 



2.').) 

241 


.22.2 

.128 


lio 

280 

jj 


Bimii 


401 

240 


209 

241 


102 

201 

»» 

17/:./42 

Kahikutea 

281 

4.')2 

287 

liu 

419 

257 

20 

259 

224 

Peutachlorphemd K. 1 

2'.)'<b44 

P. rattiafa 


0 

0 


0 

0 


0 

0 

Pentachlorphenol K . 2 

d 

,, 


0 

0 


0 

0 


0 

0 

Pontachlorphenol K. 2 


Kahikatea 


0 

0 


0 

0 


0 

0 

Poutachlurphenol K. 1 



0 

0 


0 

0 


0 

0 

Pentachlorphenol K, 2 


,, 


0 

0 


0 

0 


0 

0 

Pentachloridienol K. 2 

„ 

„ 


0 

0 


0 

0 


0 

0 

Kerosene 

11/0/42 

1 M 

h 

7 

64 

d 

2 

22 

0 

2 

12 

Kerosene and turpentine 

,, 


0 

4 

22 

0 

.2 

1.') 

0 

1 

6 

Paradichlorobenzene 

,, 


0 

2.) 

171 

0 

19 

147 

0 

7 

56 

Orthodichlorobenzene 

1(1/11/42 


0 

14 

285 

0 

11 

262 

0 

8 

70 

Timber Treatments 

,, 

0 

0 

0 

0 

0 

0 

0 

0 

0 

llentokil . . 

24/4/4.') 

,, 



0 



0 



0 

Controls . . 


P. radiata 

:Wl 

202 

4.')7 

28.') 

262 

417 

2()2 

294 

271 



207 

411 

276 

192 

277 

i 225 

142 

212 

287 

" 


Rimii . . 

187 

208 

442 

16.'» 

242 

419 

111 

265 

262 


Disrusnion of Tahh 1 

Table I indicates that kerosene, kerosene-turpentine, paradichlorobenzene, and 
orthodichlorobenzene are unlikely to prove permanently toxic to Anobium. While they 
all prevented infestation during the first flight season after treatment, their resistance 
to attack became progressively weaker with each year of seasoning. Larvaj recovered 
w’ere healthy, and frass pellets indicated that feeding had been extensive. 

Figures for zinc chloride would again indicate that this material was becoming, 
with age, increasingly susceptible to attack by Anobium. However, none of the recovered 
laiv® appeared to be normal, and dust in tunnels showed that much of the wood had been 
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chewed off but not passed into the gut. This preservative had no significant deterrent 
effect in preventing egg-laying. 

Tanalith and Celcure samples were subjected to infestation only during the past 
flight season and it is too early to say what results will be, though dust shows that there 
is feeding in each case. There was no significant deterrent effect so far as oviposition 
was concerned. 

Pentachlorphenol, zinc naphthenate, and chlorinated naphthalene were all good 
over the short period of the tests, and comparison with kerosene, kerosene-turpentine, 
and the two dichlorobenzenes shows that these results, at least in the case of zinc 
naphthenate and pentachlorphenol, were not due to the solvents or carriers. A 
conspicuous feature in regard to these three preservatives is that adult beetles did not 
live longer than five days when caged with any of these materials, and in no case were 
any eggs laid. 


Egg-laying Preference Tests with Anobium 
Table II gives results of preference tests where water-soluble preservatives 
were placed with untreated control blocks in the same cages. Oil-soluble 
preservatives are not included in the table, since no eggs were laid either 
on treated or untreated blocks when this type of preservative was placed 
in cages. Again adults died in a very short time. 


Table II 



i 

Number 




Number of Kgjzs 
laid. 

Number of Larva* 
tunuellliiK in 1 

Number of Larvai 
alive In 

Cage 

No. 

of 

Female 

Preservative. 

Date 

treated. 

Timber 







December, 

Feb., 


Beetle-^. 




44. 

1944- ■ 
4.".. 

104.V 

40. 

1943- 

44. 

1944 - 
45. 

194.5- 

40. 

1944. 

lOl.'). 

1940. 


1 

10 

Tanalith . . 
f’elcure 

Zinc chloride 

Control 

7/2/4.5 

?/4/40 

11/0/44 

17/fi/43 

ll/r)/43 

11/0/44 

V. rafiiata 

Hi mu 
Kahikutea 

P. radiata 

iol 

214 

53 

51 

78 

93 

04 

37 

31 

45 

30 

33 

43 

54 

143 

193 

*42 

39 

00 

85 

02 

31 

27 

41 

37 
30 

38 
54 

‘42 

114 

22 

10 

20 

HI 

57 

o.) 

25 

21 

23 

20 

35 

50 

2 

10 

Tanalith .. 

7/2/4.5 

P. radiata 



47 



43 



39 



Celcure 

''/4/40 




53 



47 



42 



Zinc chloride 

11/0/44 



00 

38 


01 

35 



14 

27 




17/.V43 

Iliniu . . 


43 

21 


31 

17 


22 

9 



>> 

Kahikatea 

95 

85 

19 ‘ 

’87 

80 

17 

*15 

27 

17 



Control . 

11/.5/43 

P. radiata 

223 

71 

50 

211 

05 I 

54 

197 

54 

40 




11/0/44 


93 

i 


79 

42 


(i8 

42 

3 

10 

Tanalith . 

7/2/4.5 

P, radiata 



31 



27 



21 



Celcure 

?/4/40 




42 



37 



2i) 



Zinc chloride 

11/0/44 



42 

47 


*38 

42 


20 

27 




17/5/43 

Rlmu . . 


47 

23 


41 

19 


25 

11 




Kahikatea 

iol 

80 

35 1 

’93 

83 

27 


21 

23 



Control . . 

n/5/43 


294 

80 

40 1 

205 

74 

30 

243 

09 

31 



>} 

11/0/44 

P. radiata 


67 

49 

*' i 

55 

43 


35 

34 


Discussion of Table II 

Table II indicates again that none of the water-soluble preservatives exercised any 
appreciable repellent effect as regards egg-laying, and there was a fairly high number of 
survivals in the zinc chloride samples, though all were better than the controls. Tanalith 
and Celcure have not been under test for more than three months, so are not directly 
comparable with the zinc chloride samples except as regards oviposition figures, and 
these are approximately the same. 
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Transfer of Anohium LarvcB to Trexited Blocks 

Table III gives results of experiments in which Anobium larvse were 
transferred from untreated wood to holes drilled in treated blocks. Each 
experiment was carried on for eight months, after which blocks were split 
up and numbers of dead and live larvae recorded. A further series of blocks 
that had been treated at the same time as the first lot was then set up. 

Table III 


Presen athe. 


Tana 11th 

(/'elcure 

Zinc rhloride 

Pentachlorphoiiol K. 1 

Pentaohlorpheiiol K . 2 

Pentachlurj)hcnc>l K 

ICeroflene 

Kerosene and tiirpenline 

l*aradichlorobenzeiie 

Orthodiehlorobenzene 

'Piniber Treatments 

Rent(jkil 

Control 




Number 

Number 

of 

harvH* 
in each 
Experi- 
ment 

Total nuniher of 





Date 


of 

Larva' alive after 

Percentage of Jjarvai 


Repli- 

seasoning for 

dead after seasoning of 

lijofkh 

treated 

Timber. 

cates 

each 

(m Months) 

Blocks for (ill Months) 



Eight 

Months. 

H. 

1(5. 

24. 

:12. 

8. 

1(5. 

24. 

32. 

7/2/4.') 

I* raifiata 

;') 

:10 

0 




100 




l'/4/40 


a 

:J0 

7 




7(5-7 




17/3'15 


ft 

ao 

P 

11 

7 

IP 

70 0 

(5:i-;i 

7(5-7 

30-7 

211/(5/44 


f) 

M) 

b 

0 



100 

100 



,, 


T) 

:«) 

0 

0 



](M) 

100 



,, 


.3 

;t() 

0 

0 



100 

KK) 



11/,') 41 


r, 

:i0 

0 

0 

:i 

21 

100 

100 

PO-0 

30 0 

,, 



:(() 

0 

J 

7 

2.1 

100 

i)(5 7 

7(5-7 

23-4 

,, 



:lo 

0 


14 

22 

100 

83 4 

33 4 

26-7 



.') 

:iu 

0 

4 

IP 

21 

100 

8(1 7 

3(5 7 

30-0 

1(5, 11/42 



•10 

0 

0 

0 

0 

100 

100 

KM) 

100 

24/4,4.') 


.') 

:iu 

{) 

0* 



100 

100* 




.3 

1 

30 

-7 

2(>t 

28t 

27t 

JO 

13 3 

0-(5 

10 


* Examination of the seeoiul Rentokil experiment showed that all larva* were dead after two and a half mouths. 

t Two adults emerjfed from eontrcd blocks before the termination of the sixteen-month tests , se\en adults emerged 
from control blocks before the termmnlion of the tw’ent\ -four-month tests. ti\e adults emerged from control hloeka 
before the termination of the thirty-two-month tests. Eor eon\enience, these adults have been recorded as surviving 
larvflL*. 


JJiscuMftion of Table III 

The only water-soluble preservative that has been tested for longer than eight months 
is zino chloride, so no eoinpanson can be made hetw'(‘en the three tesi(*(l except for the 
first eight-months’ test. 

'I’he mortality figures for zinc chloride were irregular and sometimes tery low% hut 
they do not give a true picture of the effect on larvjc. None of the surviving larvic 
appeared to be in a healthy condition, and none had transformed to thi‘ pupal state, 
although all lai’Vje used in tests were second-year or older larva\ Dust showed that a 
great deal of the wood had not been eaten. 

Figures for kerosene, kerosene-turpentine, and the two dielilorobenzenes again 
showed that, though they wore all exeidlent for killing larva*, they tlid not i*\ercise even 
a reasonably permanent control, and became progre.ssively less effectivi* as the treated 
blocks seasoned. 

Of the permanent-type preservatives, zinc uaphtheiiate (Timber Treatments) 
showed 100 per cent, control in the four tests covering a seasoning period of thirty-two 
months, while peiitachlorphenol and Rentokil gave 100 per cent, control for sixteen 
and ten and a half months respectively. 


Brush Treatmmts on Ambium-infesled Timlm 

Table IV gives results of brush treatments on ^Mo6/ww-infested sajiwood 
matai using oil-solublc preservatives. All timber except the Boracure 
sample was taken from the same building and consisted of floorboards 
4 in. X 1 in. Care was taken to select pieces as uniformly infested as 
possible, based on the numbers and freshness of exit holes. Untreated 
controls were cut from the same boards, except for the Boracure control, 
which consisted of a piece of the treated sample examined seven days after 
treatment. Samples were all split up forty-nine days after treatment. 
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Table IV 


Prenervative. 

Number 

of 

CoatB. 

Wood 

Surface 

treated. 

Larvse recovered. 

Total 

Perceu- 

taRe 

dead. 

First Series 

Second Series 

Third Series. 

Alive. 

Dead. 

Alive. 

Dead. 

Alive. 

Dead. 

Pentachlorphenol K. 1 

1 

Vertical 

71 

27 

31 

19 

131 

36 

26-79 


2 


43 

37 

45 

37 

69 

61 

46-23 


3 


17 

58 

11 

42 

14 

47 

77-77 


4 


3 

93 

0 

53 

2 

146 

98-31 


1 

Lower 

89 

23 

27 

8 

134 

42 

22-60 


2 


46 

39 

19 

12 

142 

97 

41-69 


3 

♦* 

29 

53 

21 

41 

32 

124 

72-66 


4 


2 

77 

1 

39 

9 

88 

94-44 


1 

Top 

42 

20 

27 

14 

94 

40 

31-22 


2 


39 

42 

29 

29 

101 

86 

48-15 


3 


5 

57 

0 

23 

23 

127 

88-08 


4 

99 

0 

45 

2 

47 

1 

143 

98-73 

Pentachlorphenol K. 2 

1 

Vertical 

84 

23 

37 

14 

139 

42 

23-30 


2 


45 

32 

31 

35 

87 

63 

44-36 


3 

99 

31 

55 

15 

37 

20 

103 

74-71 


4 

99 

1 

55 

4 

32 

15 

127 

91-45 


1 

Lower 

63 

13 

36 

9 

153 

63 

26-10 


2 


37 

46 

49 

38 

127 

79 

43-35 


3 


14 

32 

26 

37 

31 

136 

74-45 


4 

»» 

0 

42 

7 

37 

5 

141 

94-82 


1 

Top 

58 

19 

16 

3 

87 

19 

20-39 


2 

♦» 

12 

39 

33 

28 

93 

73 

50-36 


3 

»> 

14 

26 

0 

26 

30 

123 

79-81 


4 

*» 

0 

76 

6 

44 

0 

127 

97-62 

Bentokil 

1 

Vertical 

75 

44 

29 

21 

93 

56 

37-85 


2 

»» 

49 

66 

38 

61 

111 

82 

50-00 


3 


9 

47 

7 

53 

i ^ 

155 

92-72 


4 

tf 

0 

62 

4 

85 

0 

143 

98-63 


1 

Lower 

73 

26 

47 

33 

127 

68 

33-96 


2 

»> 

24 

39 

46 

68 

104 

103 

53-47 


3 

»» 

0 

33 

3 

52 

8 

99 

94-36 


4 

»> 

0 

104 

6 

63 

11 

168 

95-30 


1 

Top 

42 

39 

29 

77 

49 

67 

60-39 


2 

f » 

10 

79 

13 

83 

6 

136 

91-13 


3 

>> 

0 

32 

2 

49 

3 

1 133 

97-60 


4 

f9 

0 

85 

0 

68 

0 

169 

100-00 

■Timber Treatments . . 

1 

Vertical 

47 

17 

49 

25 

110 

27 

25-09 


2 

9» 

31 

17 

31 

13 

137 

85 

36-62 


3 

» 

12 

31 

8 

30 

66 

71 

60-56 


4 


6 

38 

1 

19 

9 

97 

91-12 


1 

Lower 

64 

8 

36 

31 

106 

28 

24-63 


2 

ft 

33 

29 

43 

36 

135 

50 

36-27 


3 

ft 

9 

23 

14 

36 

63 

121 

67*66 


4 

tt 

4 

44 

2 

47 

7 

104 

93-76 


1 

Top 

67 

26 

21 

6 

83 

31 

28-12 


2 

tt 

19 

13 

23 

29 

125 

79 

42-01 


3 

tt 

17 

42 

21 

49 

26 

125 

77-12 


4 

ft 

0 

34 

6 

36 

10 


91*70 
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Table TV — continued 


Larva) recovered. 



Number 

Wood 







Total 

Preservative. 

of 

Surface 

Eirst 

Series 

Second Series 

Third 

Series 

Percen- 


(’oats. 

treated. 

— 

— 


— 



tage 

dead. 




Alive. 

Dead. 

Alive. 

Dead. 

Alive. 

Dead. 


Kerosene 

1 

Vertical 

28 

15 

37 

12 

109 

19 

20*90 


2 


23 

21 

29 

23 

127 

54 

35*37 


.3 


10 

35 

12 

32 

37 

83 

71*77 


4 

9f 

0 

27 

6 

31 

17 

124 

88*78 

Paradichlorobenzene . . 

1 

Vertical 

75 

11 

55 

27 

166 

38 

20*43 


2 


44 

32 

21 

18 

138 

51 

33 22 


.3 

»* 

15 

53 

0 

13 

37 

95 

75*58 


4 

»♦ 

17 

49 

0 

39 

9 

100 

87*85 

Boracure 


? 

2 

56 





96*55 

Control 



54 

5 

1 

•* 



8*47 

Control 



59 

4 

20 


99 

12 

8*24 




67 

6 

15 

2 

174 

7 

5*53 




123 

2 

29 

3 

138 i 

8 

6*40 




39 

3 

40 

5 

111 1 

3 

5*47 




49 

8 

37 

2 

165 

11 

7*72 




59 

5 

43 

4 

109 

6 

6*63 


Discussion of Table IV 

The figures show that, though top-surface applications of preservatives gave 
consistently better results, the differences between the thrt)e surfaces were not of any 
great extent. 

In regard to the effect of the numbers of coats, it is apparent that none of the tested 
preservatives, with the exception, perhaps, of the chlorinated naphthalene (Rentokil), 
should be used in quantities of less than three flood coats per inch of timber thickness for 
sapwood matai or species of equal penetrabihty. 

While kerosene and paradichlorobenzene gave fairly high degrees of control. Tables T 
and III showed that they w’ere unlikely to afford even a reasonable period of protection. 

In general, it appears that chlorinated naphthalene, peiitachlorphenol, and zinc 
naphthenate are all good preservatives for treatment of infested sapwood matai. 

The surviving larvie were all found just beneath the surface on the sides opposite 
to those treated. In vtu’tical treatments, nearly all larva* were found in the top third 
of the boards. 

To obtain a clearei idea as to the relative merits of the preservatives under test, 
the following is a list giving the average percentage mortalities caused by the third 
and fourth coatings for the three surfaces ; — 

Per Pent. 

Chlorinated naphthalene .. .. ..96*43 

Pentachlorphenol K. 1 .. .. .. .. 8S-33 

Pentachlorphenol K. 2 .. .. .. .,85*47 

Zinc naphthenate .. .. .. ..80*31 

Coat-for-coat comparisons show that .* — 

Four coats of chlorinated naphthalene or pentachlorphenol K. 1 w'cre better than 
any others. 

Three coats of chlorinated naphthalene were better than four coats of pentachlor- 
phenol K. 2 and zinc naphthenate. 

Two coats of chlorinated naphthalene were almost equal to three coats of zinc 
naphthenate. 

One coat of chlorinated naphthalene was almost equal to two coats of pentachlor- 
phenols K. 1 and K. 2 and better than two coats of zinc naphthenate. 

The pentachlorphonols were approximately equal coat for coat and better than 
zinc naphthenate, except for single coats of the latter, which were better 
than pentachlorphenol K. 2. 
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Brush Treatments of Cahtermes-infested Timber 

Table V gives the results of brush treatments of 6 in. X 1 in. kahikatea 
infested by Calotermes brouni and using the same technique as for Table IV 
tests, except that only the top surface was treated and samples were examined 
twenty-one days after treatment. 


Table V 



Number 

Termites recovered. 

Total 








Preservative. 

of 

First SerieH. 

Second Series. 

I’bird Serien. 

Per- 


Coats. 







centajie 

dead. 











Alive j 

l>ead. 

AlKe. j 

Dead. 

Alive 

Dead 


PentachJorphenol . . 

1 

23 

30.5 

0 

147 

99 

207 

85-40 


2 

11 

4 

14 

441 

39 

131 

90-00 


3 

0 ' 

117 

0 

33 ! 

0 

240 

UHl-OO 


4 

0 

247 

0 

75 

0 

177 

100-00 

Ilentokil . . 

1 

30 

460 

12 

281 

0 

324 

95-72 


2 

0 

65 

0 

15 

0 

111 

100-00 


3 

2 

105 

0 

100 

5 

33 

97-74 


4 

0 

49 

0 

58 

I 

'* 

227 

100-(K1 

Timber Treatraentfl 

1 

48 

534 

19 

.300 

74 

40 

80-19 


2 

0 

01 

0 

5 

48 

303 

89-93 


3 

0 

111 

0 

100 

0 

9 

100-00 


4 

0 

50 

0 

243 

0 

32 

lOO-(K) 

Controls , , . . 


340 

11 

193 

9 

38 

0 

3-38 


Discufi-iion of Table V 

Tables V shows that all three preservatives are satisfactory for use against this 
termite. A point that is of importance, however, is that even three coats may not kill 
all termites if their- galleries are narrow and on the side opposite to that treated ; this 
occurred with the chlorinated naphthalene. On the other hand, if galleries are numerous 
and approach both surfaces, a single application of any of these preservatives may be 
effective, since the surviving termites in all cases of treatt‘d wood were in a shrivelled 
condition and probably would not have lived much longer. 


General Discussion and Recommendations 

Consideration of results given by these preliminary tests indicate that 
such })reparations as kerosene, kerosene-turpentine, paradichlorobenzene, 
and orthodichlorobenzene, while giving good control of insects already present 
in timber, are unlikely to prevent future infestation of the treated wood. 
For this reason alone it is strongly recommended that their use be discontinued. 
In addition, the cost of the more permanent types of preservatives is very 
little more than for the former types, and the trouble involved in their 
application is the same in both cases. 

Of the water-soluble preservatives, zinc chloride is the only one on 
which oviposition tests have been carried out for longer than three months, 
and while the numbers of surviving larvse were often high, the actual con- 
dition of these larvae indicated that zinc-chloride-treated wood was unpalat- 
able to them. The same remarks apply to Tanalith and Celcure in egg- 
laying tests. None of the water-soluble preservatives acted as repellents 
during oviposition by Anobium beetles. 
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All the oil-soluble ])reservatives prevented oviposition by Andbium 
adults, and also were toxic to the beetles. 

In considering results of tests where Anohium larva? were transferred to 
treated blocks, it is apparent that, though the three water-soluble preserva- 
tives made the wood more or less unpalatable to Anohium larva?, there was 
not sufficient toxic material in the amount of wood ingested to cause death 
in many cases. All three j)revented transformation of larva? to adults or 
pupa?, but though the diameters of tunnels in treated wood were on an 
average less than those in control blocks, the lengths of tunnels were approxi- 
mately the same. This point is an important one and warrants further 
attention. It is recommended that the amount of toxic components in 
these preservatives be increased where feasible. This may not be possible 
to any marked extent with zinc chloride, due to the effect heavy concentrations 
have in causing collai)se of cell structures in wood. 

All the oil-soluble ])reservatives gave 100 per cent, control of transferred 
larv0e, and though the samj)l(‘s were examined at eight-month intervals, these 
preservatives caused death of larva? in less than two months. 

Results of brush treatments with the three oil-soluble preservatives are 
all satisfactory for both Anohmm and Caloiermes bronni. In general, it is 
recommended that oru* liberal brush coating should lx* applied for each 
i in. in thickness of sa])wood timber. In commercial ])ractice surfa(?e 
spraying has superseded brush applications, but it is unlikely that there 
would be a great deal of difference between the two methods so far as pene- 
tration and amounts of treating fluid are concerned. The advantage of 
s]iraying is that it is mu(‘h (juicker. In commercial |>ractice, too, the con- 
ditions for treating would not be as favourable as those for these small tests, 
due to interferenc(* by studs, weatherboards, lining, wallpajiers, and height 
above ground-level. 

An iinjiortant factor in recording results with preservatives against 
Anohium is that larva? are able to tunnel in wood tr(*ated with oil-soluble 
])reservatives for almost three weeks. This applies only when there is no 
free liipiid in cell cavities or on w^ood flbres. The writ(*r has found live 
larva? in timber which chemical tests showed to be completely penetrated 
by preservative ; and in the case of the samjile in Table IV treated by 
Boracure Ltd. with their standard flood-spray techniciue, the “ control 
sample consisted of a piece of treated wood examined seven days after 
treatment, when fifty-four larva* were still alive and five dead. Examination 
of Anohium tunnels showed that dust made jirior to treatment consisted 
almost entirely of frass })ellets, whereas that made after treatment was com- 
posed mainly of chewings ’’ with ])ractically no frass, showing that the wood 
had been chewed ofl‘ but not passed into the gut. 

In subsidiary ex])eriments, to find out how long they could live without 
food, second- and third -year Anohium larva? were kept at room temperatures 
in ointment-jars containing damp, crumpled cellophane disks. These larvae 
were examined each week and more water added if necessary. At the end 
of four weeks, nineteen of the fifty larva? were still alive ; on the thirty-fifth 
day, only five were alive, and these were dead by the thirty-seventh day. 
Examination of cellophane disks showed that larva? had chewed holes through 
them in some cases, but that there were no frass pellets such as occurs when 
feeding takes place. It thus appears that, in the absence of desiccating 
factors, Anohium larvae can survive long periods without food. 
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This fact is important in interpreting effects of timber-preservatives, 
since the full value of those that are not actually contact insecticides will 
become apparent only when larvae are compelled by starvation to eat 
treated wood. As shown above, this may not take place for three or more 
weeks after treatment. 

In all the above experiments no samples were retained for longer than 
one year, so it is not known whether or not the surviving larvae recorded 
in the tables would have succumbed to longer exposures to the treated 
timbers. 


Acknowledgments 

The writer is greatly indebted to the manufacturers of Rentokil Timber 
Fluids for the samples of chlorinated naphthalene ; to Messrs. Boracure 
Ltd. (N.Z.) for supplies of pentachlorphenol and the other constituents of 
their preservatives ; and to Messrs. Timber Treatments, Ltd., for supplies 
of zinc naphthenate solutions. Thanks are due, too, to New Zealand Forest 
Products, Ltd., for supplying the Wolmanized and Celcurized Pinm radiata 
samples, and to authors of numerous papers from which notes were made 
before this paper could be completed. 


Appendix 

Krogh and Tooke (1944) give the following formiilaj for pentachlorphenol solutions : — 

Per Cent, 
by Weight. 


(1) Pentachlorphenol .. .. .. .. .. 3‘8«5 

Linseed'Oil . . . . . . . . ..21*15 

Mineral turpentine .. .. .. .. .. 7r)*(Ml 

(2) Pentachlorphenol .. .. .. .. .. 4*00 

Seal-oil .. .. .. .. .. .. 20*(M) 

Mineral turpentine .. .. .. .. ..79*00 

(3) Pentachlorphenol .. .. .. .. .. 4*(K1 

Dehydrated castor-oil .. .. .. ..19*00 

Mineral turpentine .. .. .. .. .. 80*00 


These authors state that the solubility by weight of pentachlorphenol at room 
temperatures is 15 j)er cent, in linseed-oil, 20 j>er cent, in seal-oil, and 42 per c*ent. in 
dehydrated castor oil (Sostrol). 

They also state that for Pinm radiata and live other species of Pinus a one-minute 
dip gives adequate protection. In South Africa the cost of thes6 treatments to give a 
diy-salt retention of 0*13 lb. per cubic foot is Is. 9d., Is. IJd., and Is. 4d. per cubic 
foot according to whether linseed, seal, or castor oils are used. The cost in New Zealand 
would be higher, as shown by the comparative costs listed below ; — 


— 

South Africa. 

New Zealand. 


B. d. 

s. d. 

Mineral turpentine (per gallon) 

2 9 

3 8 

Linseed-oil (per gallon) 

10 0 

18 9 

Pentachlorphenol (per pound) 

2 0 

2 0 


This cost can be reduced by using either lighting or power kerosenes at a cost per 
gallon in New Zealand of 2s. 2d. and Is. lid. respectively in place of the turpentine, as 
the kerosene penetrates as readily. 

Chlorinated naphthalene has given excellent results in the international termite 
exposure tests in Australia, America, South Africa, and Honolulu. In all of these 
countries they have been tested for over fourteen years, and the only preservative giving 
better records is creosote, which cannot be used where staining is of importance or where 
'^timber is to be painted. 

Zinc naphthenate is a comparatively recent addition to the timber-preservatives,, 
and m service records are available to the writer, though they probably exist. 
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Pentachlorphenol service records are scattered and lack detailed information, but 
in America (1944) records show that 198 posts treated with pentachlorphenol in spent 
-crank-case oil were still in service after seven years. The same report gives another 
batch of samples as undamaged after five years in highway service. Further 
pentachlorphenol tests were started in 1938 and 1939, all samples being in good 
condition in 1943. Untreated controls were destroyed in fifteen months. 

The organic oils m the formula? are to increase solvency and prevent “ blooming ” 
of crystals of pentachlorphenol on the wood surface as the carrier oils dry out. It is 
these organic oils that give most of the odour to pentachlorphenol solutions, though the 
carrier oils also possess c-haracteristic odours. Pentachlorphenol itself is almost odourless. 
Other agents to prevent “ blooming ” are copal ester gum or turpin resin, but any organic 
oils would serve the same purpose to varying degrees. 

Zinc naphthenate has a very strong smell which is offensive to some people and 
causes headaches. Theoretically this odour means that the chemical is volatile, so it 
will be of interest to see whether loss of its characteristic smell is correlated with 
susceptibility to borer attack of timbers treated with it. 

(.^hlorinated naphthalene has a slight odour that might prove unpleasant to some 
peojde. 

The water-soluble pn'servatives, Tanalith, Uelcurc, and zinc chloride, have been 
tested overseas against termites and decay, but service records for severe outside conditions 
are very variable from one country to the next. For example, for approximately the 
same dry-salt retention of 0*7 lb. per cubic foot of wood the Tanalith average life varies 
from 37 months in the Panama (’anal zone to 128 months in Australia. 

Zinc chloride has an average life for timber, treated to a retxmtion of 1 o lb. dry salt 
per cubic foot, of 12 months in South Africa and a maximum of 80 months for the same 
retention figures in Australia. Untreated controls had an average life range of from 
8 months in America to 28 months in Australia. 

However, in New Zealand buildings the water-soluble jireservatives will not be 
exposed to severe leaching conditions or to such severe insect infestations, and service 
life should be correspondingly greater. 
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A VARIATION OF THE TERMITE COPTOTERMES 
LACTEUS FROGG. FROM NEW ZEALAND 

By J. M. Kelsey, Entomologist, Entomology Division, Department of 
Scientific and Industrial Research, Nelson 
[Received for publicatiorif 20th May, 1946] 

Summary 

A distinct variation of the termite Coptotermes lacieua is described from 
material collected in Auckland during 1941-43. Though it has not been 
recorded from Australia, it is considered to be native to that country and has 
been accidentally introduced into New Zealand in power poles or sleepers. 
Until more is known as to the range of variation of micraster shapes for a 
species it is not intended to erect a new species or variety. 


Introduction 

The following descriptions apply to two soldiers and one nymph collected 
on 18th June, 1941, by Mr. D. Bambury, and to six alates, numerous soldiers, 
and nymphs collected on 8th March, 1943, by Mr. G. V. Cronin. The first 
sample was recorded from a tramway power-pole and the second from 
Pinm radiata D. Don stumps in a City Council reserve, Point Chevalier Road. 
These stumps were close to the power-jiole, but until the stumps and pole 
are removed it will not be possible to say whether the infestation started in 
the pole, stumps, or tramway sleepers b(*neath the sealed road surface. 

After superficial examination the termites were identifit'd by the writ(*r 
as a small variety of Coptotermes lacieus Frogg., but when jiermanent slide 
mounts were made of the wings it became a])parent that the spines on wing 
membranes were longer than for typical C. lacteus, and, more importantly, 
the micrasters were conspicuously stellate (Fig. lu)> whereas those of typical 
C. lacteus were thornlike (Fig. Id), (1944). Coloration, too, was different, 
being dark to light brown for alates of the variant and dark brown to black 
for typical C. lacteus alates. Soldiers of the latter had heads shading from 
yellow to brown, with brown gular areas, whereas those of the variant were 
a uniform yellow in each area. 

A representative sample of all castes was sent to Australia for identifica- 
tion, and Mr. Gay, of Canberra, found that, though general appearance of 
alates and the measurements of soldiers made them apjiear to be a small 
variety of C. lacteus, there was no doubt that the spines and micrasters on 
wings of the Auckland series were quite different from those of typical 
C. lacteus, and, indeed, did not appear to fit in with the wing ornamentation 
of this species throughout any part of its range (1942). However, Mr. Gay 
considers it unlikely that the Auckland material represents anything more 
than a varietal difference at the most. 

Later, on re-examination of C. lacteus material supplied by Mr. 6. F. Hill 
from Coree Creek, A.C.T., 1938, the writer found that there were two 
detached wings with stellate micrasters. However, Mr. Hill does not list 
the range of variation in shape of micrasters for a species (1942), and since 
the alates present in the sample all possessed their full complements of wings 
it is just possible that, by mistake, wings from another colony may have 
been included in the named material. 
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In spite of the fact that no termite with similar alate characteristics has 
been recorded from Australia it is considered, in view of the Coree Creek 
material, to he an Australian species accidentally introduced in power or 
transport poles, sleepers, &c. No species of genus Coptotennea has been found 
native to New Zealand, and the colony in the stumps was so large that, if 
it is typical for this termite, it is unlikely that the species would have been 
overlooked for such a long time. 



Fio. Ic. — Wing micraaters of C. InctvuH. 


Though it is not intended to give specific or varietal im]K)rtance to this 
termite — at any rate until more is known about tin* degree of variation in 
shape of wing micrasters lik(*Jy to occur in a given species recognition 
must be given to the fact that the body-colour differences })etween alates 
of the variety and typical C. lactem are as conspicuous as are those between 
C. acinaciformis and C\ raffrayi. 

When sizes of wings and shapes of micrasters are considered, the differences 
between C, lactem and the Auckland series are very much more clearly 
defined than are the same characters for C, acmacifowiis and C, raffrayi. 
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Fig. 2a. — S oldier head 
of the variation. 


Fig. 2b. — S oldier head 
of C. lacicufi. 
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The colour clifFerences between soldier heads of C. lacfeus and the variety 
are more marked than are those between C. acinncifornns and (L 
while the range in size of soldiers of the last two species is no more distinct 
than are those of C, Incteus and its variation. In the absence of alates, 
however, the writer thinks it would not always be possible to detinitely 
separate typical C. Jacteus and the Auckland series on soldier characteristics 
in those instances wh(U*(‘ newly transformed soldiers are ])resent. 

In the event of the Auckland material proving to b(‘ a true sjiecies the 
characteristic sha])c of the wing nnerasters- the most conspicuous featun* 
of this termite -would indicate the specific name steJlahts if it is not already 
preoccupied. 

As a matter of inti’rest it may be mentioned that our native dainpwood 
termite SfoloteDnes rujivepa Hrauer. has similar stcdlate miciastius on wing 
membranes. 


l)KS(UueTio\’ OF Castfs 

(Measurements are m units (32-5 1 mm.) and m brackets m millimetres) 

Ahie (Kig. U) 

(\>lour,- HtaJ, tlioruN, and abdt)in(*n a iiniferin l)ro\v*i on top . sti'iniU'S darkor 
t)rown at sides, li^ht t)ro\\n m eeiitre ; olvpeiis and (*celh \vhit<' . >Mni;s hlnok^ ^rey to 
brown. 

N/V.— 431 nnits (13 20 mrn.) long with wings ; 194 units (A tH) nnn.) vMtliout wings ; 
forewirigs with stumps, 3()() units {tld»7 mm.) long ; without stuinjis. 331 units ( lO-IS mm.) 
long. 

Ufad . — 50 > 39 units (153 ' I 2 mm.) across e\c*s : oval in out line . hihriim tongue- 
shaped ; elypeus pale cream and membraneous ; eyes large ; oeelh large and reiiiform 
from above; fenestrie transversely oval anti pale hrowri : spine insertions appear ns 
numerous white dots on the head surface ; antenme 75 units (2 3 niiii.) I(aig. of Id joints ; 
first joint long and broad, second oiif thirtl as long ns first and three- (piarU*rs its wudth, 
third half as long as second nnd narrower, remaining segments progressively longer, 
terminal one oval : all joints heavily spinose. 

Pronotuw . — 21 32 units (0-()4 < 0-98 mm.) ; bowl-shapetl anti sjunose. 

Wly^qs (Fig. 1 n).- Smoky grey to brown; much shorter than for typical 
(\ lactem , mt»mbrane tliickly beset wdth spines and stellate micrasters (Fig. Ic) ; spines 
longer than for typical (\ larteuft, which has thornlike micrasters (Fig. Id). Fore Wuiq : 
The first vein runs close and parallel to the costal margin, w’hich it joins at the distal end 
of the wing ; it may or may not be joined to the costal margin by a \ evv short diagiJiial 
vein about mid-length of the wing. The second vein arises from the first just before the 
wing suture ami passes back through the anterior one-third of the widtli of the wing to 
branch once more near the distal quarter of its length, and may or may not send one or 
more short diagonals up to join the vein above. The third vein runs out through the 
approximate centre of the wing to branch several times, all branches joining the posterior 
margin of the wing, //ind Winq : The first vein runs close and parallel to the costal 
margin to which it is attached at the outer extremity of the wing. The second arises 
from the first just posterior to the suture to run out through the anterior third of the 
wing, branching once or more distally before joining the wing margin. The third passes 
out through the approximate centre of the wing to give off numerous branches to the 
posterior margin. All margins of wings have spines projecting to a greater extent than 
for typical 6'. lacteus. Maiidiblea, maxiUcs, legs, &c., similar to those of other Coptof-ermeft 
species, (1944). 
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Soldier 

Colour. — Head a uniform yellow, unlike that of typical C. lacteua, which ia brownish 
round the anterior half. 

Size. — 183 X 40 units (5-63 X 1-23 mm.); head, 75 x 40 units (2-3 X 1-23 mra.) 
to mandible tips. 

Head (Fig. 2a). — The widest part of head is two-thirds more bac^k from the front 
of the head (excluding mandibles), whereas in typical C. lacfeus (Fig. 2b) the widest jmrt 
is less than two-thirds back from the front of the head. For two-thirds of thi' head 
length the sides are almost straight, whereas in C. Incteus they are strongly convex 
throughout. 

Eyes, fenestne, and ocelli absent ; foiitanelle large and conspicuous ; antennic of 
about 14 segments and 47 units (1-44 mm.) long, with sizes of joints similar to alate. 

Prmiotum . — 18 x 30 units (0*55 >: 0*92 mm.) ; bowl-shaped and heavily spinose 

Mandibles, maxilloi, legs, &c., as for other (^opIoternieH spt'cies, except that rnaxilhe 
are paler in colour than for typical ( \ lacieus. 

Ill actual size there is nothing to separate the Auckland series from 
0. laciem on soldier characteristics, and measurement ranges for soldier 
heads are the same for both termites. It is the ])aler coloration, the almost 
straight-sided, turhinati* head, and the location of the widest part of the head 
in relation to head-length that will be found most convenient for se])arating 
the Auckland mcaterial from CK Imieas on soldier characteristics. On alate 
characters the paler coloration of the body, the smaller wings, and the 
.stellate micrasters will clearly .separate the variant from typical C. Incteus, 
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SOME MINOR CONSTITUENTS OF PIG BACK FAT 

By P. B. 1). DE LA Mare and F. B. Siiorland, Chemical Laboratory, Animal 
Research Division, Department of Agriculture, Wellington 

for publication^ I2ih Mntch^ 1U46^ 

Summary 

A lar^(‘ .sample (4 kg.) of the hack hit from pigs fattened on buttermilk has 
lieen examined. Uaprh; aeid ((h2 per eeiit.) and laurie aeid (0-2 jier eeiit.) have 
been identified as minor eomptments. A trace of deeenoie aeid is ])rot)ably 
p?*<‘S(‘nt, but the nature of the iiiisaturated acid aee<jmpanying the (',0 fraction 
IS obscure. Satuiated acids (»f molecular weight greater than that of stearic 
acid are pn'sent to the extent of 0-1 per cent. ; at least half of this material is 
behenic aeid or high(‘r molecular weight honiologuc's, 44u‘ uihsaponitiable 
m.ifter (O-ll) per eiMit ) contain cholesterol (O 07 pei cent.), a mixture of .saturated 
hydrocarbons apjiroximating in composition to hexaco.satu* (0 02 per cent.), 
various ])igm(‘nts, and unidentifietl eompoinmt.s. 

1nTR()1)U(TION 

In the course of an inve.stigation relating th(‘ chemical composition of 
pig depot fat to its growth rate(l), evidence was obtained that the C 20 
unsaturated acids had hitherto been incompletely characterized. From 
4 kg. of pig depot fat, A 11-12 eicosenoic acid was sul)se(|uently isolated(2), 
and (‘vidence was olitained for the jnvsence of otlier 0.,^, |)ol\'ethenoid acids, 
including eieosadietioic acid. The presimt paper ilescnbes otlier minor 
con.stituents examined iiicidentallv in the cour.se of the latter investigation. 


En PERT MENTAL 

Jlulked inner and outer back fat (4,019 g.) from pigs fed only buttermilk 
during the fattening jieriod was extracted as previously descnb('d(d). The 
fat was hydrolyzed with alcoholic KOH, a.nd the un.sajioni liable matter 
(7*1) g.) was removed from the resulting soaps by eontinuous extraction with 
(*ther. Th(* recovered fatty acids (3,664 g.) were converted into ethyl 
est(*rs (3,90Sg.). These were fractionated under vacuum of a Hvvac pump 
using a o-litre 6ask, an electrically heated column 112 cm. high, 20 mm. 
in diameter, jiacked with 10 mm. sections of 6 mm. glass tubing, and a 
stillhead designed for total reflux and variable take off. Table 1 giv(*s the 
result of this fractionation. 


Table f. — F ractional Di.stillatjon of Ethyl Esters oh Pig P>a('K Fat 


Fraction. 

Wright {g.). 

b ( <’.) 

(rff. 0 1 nun 1. 

Siip. E(iui\. 

Tod. Val. 
IWija 1 Hour). 


214 

142 

275-7 

25-4 


1,130 

142 

291*6 

37-3 


1,480 

142-150 

299*0 

! 47 -s 


094 

150-160 

306*6 

1 59-9 

Total 

397 

3,915 


309-7 

69-2 
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Table II gives the results of refractionation of 171 g. of fraction in 
an electrically heated column packed with glass helices. 


Table IT. — Rrfrac^tionation of Fraction F| 


Frnctlon. 

Weijiht, (f/.). 

b.p. ("(*.) 

(m. (PI nini.L 

Sap. Faiulv. 

lud. Val. 

(Wijs 1 Hour) 

F„ .. 

1-20 

120-130* 

200-2 

17-2 

F,, .. 

107 

130* 

198-4 

14-5 

Fi, .. 

1-90 

50 75 

200-8 

12-3 

Fi4 .. 

215 

75-80 

211-1 

8-9 

F,„ .. 

1-94 

8()-S5 

218-4 

7-0 

F,„ .. 

2<»(> 

85 

219-0 

5-4 

F,, .. 

lUO 

85-93 

219-3 

7-7 

F., .. 

2 85 

93 ‘98 

237-0 

7-0 

F,» .. 

2 ■ 22 

98 

244-7 

8-2 

F,,„ .. 

r>-3() 

98-104 

254-0 

0-1 

Fj,, .. 

12-33 

104 

250-1 

0-9 

F,,, .. 

l3()-00 

171-91 


289 -(i 

30-3 


♦ Vacuum of water pump. 


The Aciih 

The acids recovered from fractions F,,, F, 2 , and F^.^ (3’27 g.) were 
combined and crystallized from 60 ml. of acetone at - 60' c. The jirecipi- 
tate (144 g.) had a melting-point 27-28°(\, and mixed with genuine capric 
acid melted at 30 31^(\ A ji-toluidide was ])repared from this fraction 
which, after recrystallization, melted at 74 74-5''(!. and showed no depression 
of melting-point on admixture with genuine cajirie p-toluidide, melting- 
point 7r)*r)-76°(:. 

The mother liipior from the above crystallization was cooled to va — 80°c. 
A further 1-39 g. of precipitate was removed by filtration. The* soluble 
material (044 g.) had an iodine value of 57 and a neutralization equivalent 
of 173-0. 


The Cj., Acids 

Methyl esters wer(‘ jirejiared from the acids recovered from fractions 
Fi^-F^y. These were fractionated, giving the results of Table III. 


Table III.—Fracjtionation of Methyl Esters of Ujo Acids 


i'niction. 


It (.y ). 

b.p. Cv.) 

{ra. 0-1 mm.). 

Sap. Kipiiv. 

Jod. Val. 

(Wijs 1 Hour). 

)-90 

45-71 

195-4 

10-0 

1-05 

71 

205-2 

0-0 

L-59 

71 

207 • 1 

0-3 

L-25 

71-90 

210-4 

10-2 

L-05 

90 

239-2 

8-5 

[-04 

•• 

238-2 

8-5 

^4S 

1 





Total .. 
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As no fraction (*orr<»s])onding to almost ])urc methvl lauratc (sap. 
ecpiiv. 214) was obtained, the acids recovered from fractions A^, and A 3 
(2-04 j?.) were crystallized from acetone, as shown in Ta})l(* IV. 


Tahlk ’ry.stalli/atjon ok Acids From F'ractions A 2 \m> Xs 

2‘04 jr. (n<‘ut. cquiv. 102-0 ; iod. Nal. (> 5) 

I 

( rystall?/.(‘d irom 30 ml. of acetone at o ’l*. 


2 3 1 

: Insoluble (0- is 
in.j). 42 43' V. 

Soluble* ( 1 *5fi g.) 

i 

( Vvstallized from 30 ml. acetone at - 30 c. 

! 

A.., 

* Insoluble (lM4 jj:.), 
m.p. 40 5-41 c. 

i 

Soluble ( 1 10 g.) 

1 

(Vvstalbzcfi fioin 30 ml. acetone at --50‘'(’. 

1 

A 2 3 3 

i 

: Insoluble' (0 73 g.), 
in.p 311-5-41 •.*> (’. 

i 

Soluble (0 37 g.) 

1 

('rvst'dhze<l from 30 ml acetone at — 80‘(’. 

1 

■X 2 3 1 • 

Insolubb' (0 1 1 ) 

1 

Soluble (0 2<) g.) 

Fracti ms 
on admixture 
neutralization 
acid, 2()(H)). 

A , ,i, A^, ,_,, and A^.,., gave no de})r(‘ssion of melting-point 
with gmiuine lauric acid, melting-jioint IS'^V. T)h‘ combined 
equivalent of these fractions was 199*7 (theory for lauric 
A jiortion ((1*06 g.) of the soluble fraction A 335 was treated 


>\ith 2, 4-dinitro|)henvlhvdrazine dissolv(‘d m alcohol. A distinct intensih- 
ciation of colour was observe 1, but on evaporation to small bulk and cooling, 
only oih' material sejiarated. 


T/n' " Solid Adds 

The acids recovered from fraction F- (Table I) were crystalbz(‘d twic<' 
from acetone (4,C)fK) ml.) at -KfV’. The precijiitate ( I ]() g.) was liiethylated, 
giving 114 g. of methyl esters (8, sap. equiv. 295-9, iod. val. 2S-2). Table V 
gives the result of fractionation of 111 g. of this material. 


Tahle V. — Fractionation of Metih l Esters (S) ok ‘Solid" Acids 
From F- (Table It 


Fraction. 

cigtit (7 ). 

l).p. ( i\) 

{ni. 0 J nun.). 

Sap. Euniv. 

lo.l \al. 

(Wii.-. 1 Hour). 

S j • » • . 

(54-5 

140 

295-0 

24-1 

So • • • • 

22-7 

14(» 

29(5 -(> 

20 3 

Sa 

13-0 

140-15n 

302-4 

22-9 

s. 

3(5 

150 

320-3 

40-7 

S ij . • » . 

2-8 

150-170 

325-9 

02-8 

S g . » • . 

1*0 

170 

323 (5 

(54-3 

S 7 • • » • 

3-2 


302-0 

70-8 
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The acid recovered from fractions and (2’61 g.) were crystallized 
from acetone, as shown in Table VI. 


Tablk VI. — Crystallization oh (>20 Acids from Fractions Sr, and S<, 
2-(il fr, (nout. cqiiiv. 310-() ; iod. val. 61*0) 

I 

( Vvstallized from 30 ml. of acetone at I5°r. 


'^68 1 : InsoliiLle 

|0-S4jr.l 

Crystallized from 10 ml. 
methyl alcohol at lo°c. 


Soliil)l(‘ 


(Vystalhzed from 3() mL 
acetone at -.30''(’. 


‘^5611 ' Insoluble (0*57 ^. | 
(neut. equn . 3-10*3) 


12 • ‘Soluble 1 0*27 g.j 
(neut. c(}U!\ . 315* 1 ) 


S .j fl 2 • Insoluble {■0-39 g.J 
(iod. val 7*S ; neut. equiv. 312*3) 


Soluble crystallized from 
3(1 ml. acid one at -40°c. 


I 

lnsolu>)le 1 0 * 20 ^ 4. 1 (lod. val. 44*4 : 
neut. equiv. 290 4) 


Soluble crystallized from 
30 ml. acetone at -SO'Y'. 


8504 : Insolubh* |0*34 g.] (rod, val. 77*7 ; 
neut. equn . 300 2 ) 


85,, 5 • Soluble [0*79 ]L^1 (lorl. val 
157*2 ; neut. «‘quiN. 297*0) 


The high neutralization ecjuivalent of fraction , was confirmed after 
careful removal of any traces of unsaiionifiahle matter by (\xtraction of 
the soajis with ether and recovery of the purified acids. Its melting-point 
(69-7()"tb) was raised to by recrvstallization thrid* times from 

acetone and once from a mixture of p(*troleum ether and benztuie. 

Fraction (0*26 g., iod. val. 77*7) was oxidized by dilute alkaline 

])crmanganate, as described liy Lajiworth and Mottram(5). The product 
was mostly petrol-soluble and hence was reoxidized under substantially 
the same conditions, but the reaction mixture was left for a jieriod of twelve 
hours. The resulting hydroxy-acids (0*121 g.) were recrystallized from 
ethyl acetate several times, finally melting at 124-1 2r>*5°(\ Analysis gavii 
C ™ 69*8, H — 11*3. Dihydroxy arachidic acid prepared from A 11-12 
eicosenoic acid requires C — 69*8, H — 11*6, melting-point 13rV.(6). 


The Vnsaponijiahle Matter 

By crystallization of 3*81 g. of unsaponiftable matter from methyl 
alcohol, the following fractions were obtained : — 

Dj 0*21 g. ; Insoluble in methyl alcohol at 50°c. 

D2 1*15 g. : Soluble in methyl alcohol at 50°c., insoluble in methyl 
alcohol at *~-5°c. 

1)3 2*45 g. : Soluble in methyl alcohol at — 5®c. 
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(a) The Sterol FrarfioH,- Fraction D2, being mainly sterol, was dissolved 
in petrol and chromatographcid on a column of alumina* 25 cm. high and 
12 mm. in diameter. Table VII gives the characteristics of siu^cessive 
fractions eluted from the column. 


Tath.k VII. (’nuoMATOiniAriiK’ A.wlysis of Kr\(’tiov I), 


J-'raction. j 

Eluted Mith 

j Weight (if.) j 

lU n.'^^c 

Cominont^. 

D,, .. 

oO ml. pet et her. . 

1 0-18 

Be 1 o\\ 80 

Waxv, added to D^. 

1 ),.. .. 

25 ml. „ . . 

i 0 01 


Rejected. 

o.'; .. 

25 ml. „ 

0*02 



i>.:; .. 

25 ml. 

O-UI 





25 ml. aeetone 

u:i 2 

I44-14(> 

Reervst. from acetone, 
m.p. 148-O^dj. 

Di! 

25 ml. „ 

0-.33 

143-145 

Reery.®t. from acetone, 
m.p. 147-S^c. 

D 2 7 

25 ml. „ . . 1 

I 015 

05 115 

Recry^t. fiorn acetone, 
mp. HO- 7"c. 

Bfis 

25 ml. benzene -j* 
ae(‘ton(‘ (1 H 

ui:i 

130 130 

Reeryst. trom acetone, 
m.p. I17-S’c. 


Fraction D,-, «‘Oid wen* almost ])ure cholesterol, giving, after re- 

crystallization from acetone, no depression of melting-point on admixture 
with genuine cholesterol, melting-jioint 149''(\ A trace of coloured material 
in fractions 1)07 and was easily removed by recrystallization, giving a 
further 0*l()g. of choh'sterol. Allowing for slight losses in (’rvstallization, 
it is estimated that these four fractions contained a total of approximately 
()-8() g. of cholesterol. 

(h) The Hydrocarbon Fraction. Fractions I)^ and were chromato- 
graphed as described above and 111 Table Vlll. 


'Pable Vlll. -UHKO.M\TooH\riiic An4LYsis of Fraction i), - 1)^, 


Fnu'tlon. 

J«:iutc(l «ith 

Wemlit {•;.). 

1),, .. 

50 ml. ])etrol 

0-24 

1)., .. 

50 ml. acetone 

0 00 

1),. .. 


(O-OOl 


See below. 

Sterol by digitoriin, 0-02 g. Kemainder 
orange in eolour. 

.\ds(.)rbed residue ; rejeetcal. 


Fraction was crystallized from acetone. The resulting material 

soluble in hot acetone (0*10 g.), but insoluble in cold acetone (0*08 g.), had 
the following almost identical characteristics : m.]). 55-r)9\\ ; iod. val. 2-7 
(Kaufmann J hour) ; C — 84*6, 84-7 ; H - = 14*6, 14*6 ; mol. wt. (Bast) 370. 
Hexacosane (C26H54) requires m.p. ; iod. val. 0*0; C --- 85*3 ; 

H = 14*7 ; mol. wt. 366. 


♦ Merck’s “ Nach Brockmann.' 
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(c) The Fraction Soluble in Cold Methyl Alcohol , — Fraction (2*45 g.) 

was diss 6 lved in boiling 90 f)er cent, ethyl alcohol. A solution of digitonin 
in boiling 95 per cent, ethyl alcohol was added in amount sufficient to 
precipitate all the sterol. The solution after standing overnight at room 
temperature was filtered. The alcohol solution was diluted with water 
and extracted several times with ether, the combined ether extracts being 
then thoroughly washed with water to remove excess of digitonin. After 
evaporation of the ether, the non-sterol portion (l‘84g.) was dissolved in 
15 ml. of petroleum ether and cooled to --15°u. A small amount (0*13 g.) 
of precipitate (melting- [)oint ffl 63V., similar to fraction Di J was removed. 
The remainder (D^, 1-72 g.) was chromatographed on alumina as described 
above. Table IX gives the (diaracteristics of the fractions. 


TaHLK TX. — (‘lIKOMATOORACHIC ANALYSIS OF FRACTION I)^ 


Fraction. 

Rluted witl» 

\\ eiirlit 

Iod 

Val. 

(‘omincnts 

D 4 1 

30 ml. pet. ether 

0-25 

03 

(’ol(>urle.s.s solution. 

D., .. 

D.a 

lo ml. „ 

10 ml. 

0-31 

0 02 

130 

^Yellow .solution. 

•• 

25 ml. 

20 ml. ,, 

Oil 

0(i7 


\ Red band on column ; orange' 
/ solution. 

D48 

.. 

4(t ml. 

20 ml. 

0-04 

0-02 

HO . 

Light yellow solution : rejected. 

Dig 

1^ 4 V • • i 

50 ml. „ 

50 ml. 

0-00 

0 03 

>:'L 

DifTiise orange hand on column : 
yellow solution. 

Dijy 

D41 1 

40 ml. „ 

25 ml. „ 

002 

OIM) 

1= 80 

Light yell(»w solution ; rejectefl. 

D412 

25 ml. aeetone 

001 


Taght yellow solution ; rejected. 

D 4 1 3 

10 ml. „ 

0-.55 

79 

Hrown band on column. 

D414 

50 ml. 

0*02 

70 

Rejected. 

Dili, .. 

50 ml. „ 

0 09 

7 

h 

1 > 41 « •• 

Desorbed with acetone 

010 

32 

'' Light yellow. 


and benzene 



j 


From the above table it can be seen that this fraction is complex and 
contains at least five components. Fractions and which were 

only slightly adsorbed from petrol by alumina, probably consisted largely 
of hydrocarbons. The low iodine values indicate, however, that the bulk 
was neither squalene (iod. yal. 371) nor hepene (iod. val. 329). Fraction 
D 42 was combined with fraction D 43 and crystallized from acetone at 
—40*^0. A trace of white crystals was removed, and the remainder dissolved 
in acetone was saturated with dry HCl gas at 0 °c. The solution rapidly 
darkened in colour, but no crystals separated overnight or after subsequent 
evapoi^on to small bulk and cooling. 
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DlS(’USSION 

The Fatly Adda of Low Molecular Weight 

Hilditch and P(*d(‘ltv(7) obtained by ester-fractionation evidence for the 
})resenc(* of ra 0-1 ]>er cent, of lauric acid in pig depot fat. Comparison of 
the estimates of the amount of low molecular weight fattv acids in the diets 
of pigs similar to those used by Hilditch and Pedelty (cf. (8) ) and by the 
jiresent investigators (cf. (1)) shows that our pigs, being buttermilk fed, 
were, as compared with the pigs of the latter authors, fed more of these 
acids. (Correspondingly small amounts of capric acid (0*2 jier cent.) and 
lauric acid (0*2 per cent.) have been identified as constitutents of the 
dej)ot fat. 

Elsewhere(l) we have discussed the fact that in the pig, as in the rat, 
the ratio of dietary acid to deposited acid is much greater for capric and 
for lauric acids than for tin* usual major component acids of the depot fat. 
The present work confirms, however, that small amounts of these low 
molecular weight saturated acids are assimilated from the di(‘t and deposited 
unchanged. 

The ester-fraclionation data of Table II indicates that both and C ,2 
fractions contained small amounts of unsaturated acids. Crystallization 
from acetone of the acid recovered from the Cj^, fractions gave a soluble 
portion (iod. val. 57, neut. e(juiv. 173*0) consistent with the ])resence of decenoic 
acid in this fraction. The nature of the unsaturated material accompanying 
the C,.j fraction is, however, more obscure. Although jnire C,„ fractions 
were obtained without difficulty, fractionation both of the ethyl esters and 
of the methyl esters failed to give a substantially jiure fraction. 

Crystallization from acetone of the acids recovered from fractions inter- 
mediate in molecular weight between C,y and C^^, gave, however, good 
yields of almost pure lauric acid. The possibility exists, therefore, that 
these fractions were contaminated with small amounts of a less volatile 
acid of lower molecular weight, possibly a keto-acid. 

It is desirable at this point to make a comm(*nt concerning interjiretation 
of results obtained by ester fractionation when only small amounts (10-50 g.) 
of fat an* available for analysis. When the acids are divide 1 into “ solids 
and ** li(juids ” bv crystallization of lead soaps from alcohol or by crystalliza- 
tion of the acids or esters from acetone, the ** lujuids ” contain some myristic 
acid and any lower molecular weight fatty acids, and these, when present in 
small amount, ajipear on distillation of the corresponding methyl esters, in 
the first li(|uid fraction, contaminated with methyl palmitate and methyl 
hexadecenoate. Now, it is not desirable to collect an initial fraction of 
more than 1-2 g., in case of further contamination with esters ; a 
determination of the etjui valent of the saturated portion is necessary, 
however, for evaluation of the composition. The oxidation method of 
Armstrong and Hilditch(9) may be used for this purpose(lO), but it is 
accurate only when larger amounts (5-10 g.) of material arc available for 
oxidation. It is usual, therefore, to make the assumption that the saturated 
and unsaturated esters have the same equivalent (cf. (10), ]>. 400), but in 
practice this assumption is probably often unjustified, especially when an 
efficient fractionating column is used. In this laboratory for pig depot 
fats, calculations making the above assumption have given tetraclecenoic 
acid contents of ca 1 per cent. Table X gives the results of refractionation 
of esters from the bulked initial fractions of a number of typical analyses. 
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Table X. — Rekruttonatiojj of Meth\l Esters from Combined Initial Jjqtud Fractions 

OF Pio Back Fats 


Fraction No. 

Weijzht 

(17.). 

(''C'.'l. 

Sap. 

Kcpiiv. 

Tori. 

Vol. 

Saturatcil Estm (flr.). 

I’lisat lira ted Esters {g.). 


0x1. 

Oi,. 

Om 

Ox,. 

Cl,. 

1 


-90 

215-7 

8-5 

1*495 



0-131 



2 

2 •054 

90-95 

238-1 

7-2 

0-248 

l-0()0 


0 140 



3 

2 098 

95 

240-4 

0-6 

0-102 

1*800 


0-131 



4 

2-332 

95-110 

243-1 

8-5 


2-047 

0-095 

(0107 

0-023 


5 

3-47S 

1)0 

203-3 

.59-0 


0-284 

1-031 

0-324 

1 -8,50 


() 

3-19.5 


270-4 

51-8 



l-4.3(» 


1-579 

0*180 

Totals 

14-789j .. 



1-845 

5-8.57 

2 ritv> j 

0-S93 1 

3-4.52 

0*180 

Percentage esters 



12*5 j 

39-7 

17-3 j 

0-0 1 

23-3 

1*2 


The incorrectness of the assumption that, in fractions intermediate 
between Cj 4 and Cj,., the saturated and the unsaturated components have 
the same nuian ecpii valent is evident from fraction o, which, although 
mainly C^j, ayijiears on the above liasis to contain, as conijian'd with the 
immediately jireceding almost pure fraction, a greater proportion of 
methyl tetradecenoate. Even calculating the composition of this fraction 
as shown in the table, not making allowance for any unsaturated acids of 
molecular weight less than 240, the refractionation data indicates no more 
than 6 per cent, of methyl tetradecenoate m the combined esters, as com- 
pared with 20 per cent, calculated from the original saponification eipiivalent 
(247*4) and iodim* valm* (29*3), assuming that 247*4 also n'pn'sents the 
saponification equivalent of the unsaturated esters jiresmit. 

In general, therefore, unless the amount of fat used for analysis is large 
enough for isolation of an almost fmre 0,4 fraction with only small 
intermediate fractions, it seems peferable not to record tetra- and hexa- 
decenoic acids separately. Similar considerations ajiply to calculations of 
the composition of fractions containing decenoic and dodecenoic acids ; in 
general, however, the iodine values of C 12 , and C ,4 fractions are not 
very different and the error involved is smaller. 


The C 20 Fmctims 

Fraction Sr,,iii, Table VI (neut. equiv. 340*3) after recrystallization 
froni acetone and from ])etroleum ether melted at 73*5--74°u. Arachidic 
acid (neut. equiv. 312) melts at 75*4°c. ; behenic acid (neut. equiv. 340) 
melts at BO'^c., and its melting-point is depressed to 74'x\ on admixture 
with 25 per cent, of lignoceric acid (neut. equiv. 368) or of arachidic acid. 
Without examination by x-ray diffraction, it can only be said that a con- 
siderable portion (probably 50 per cent.) of the acids of higher molecular 
weight than stearic acid were homologues higher than arachidic acid. 
From the data of the tables it may be estimated that the total quantity 
of arachidic acid and its higher homologues in the original fat was 
approximately 0*1 per cent. The source of these acids is undetermined ; 
milk fat is recorded as containing arachidic, behenic, lignoceric, and cerotic 
acids(12) ; the fat of forage grasses (to which our pigs had some access) 
contains a similar mixture(13). 



1946] 


DK LA Mark ani> Shohland. — Somk Minor 
Constituents of Pio Back Fat 


473 


The U nsaponijiahle Matter 

The approxiiiuitc' composition of the various fractions of the unsaponifiable 
matter are ^iven in Tahh'. XI. 


TAHf.K XI. Aci'ioximatk Composition or Unsai’omfi mu i: M vtter 


Kiacthui. 

iD.-i-J),,. 

1)22 - Djn 


'I'otal 

1 1 

JVrfpiitairr 

1 nsaponiH- 1 
al)li‘ 1 

Percpntage 

Total 

1 Fat. 

Saturated hvdinc.ti Lous 

1 ((•2r. 

0-04 


U*42 

11 '3 

0 02 

Other hydroearLoiis . 



* 0-5S 1 

u r^s ! 

15-2 

0-03 

(^hole.stfM’ol . . 

i (t-oi 

1 () SO 

UUl 

1-43 

37-5 

0-07 

Unidentified niviltM i:d 

; (» 12 ! 

1 0-13 I 


1-3K 

3()() 

0-07 

'iVital 

u:m 

U-!)7 I 

2 *4.5 

' 3*81 

1 

lou-u 

0* I!1 


The isolation of cholesterol as the larjjest single component needs little 
comment in view of th<' widespread occurrence of this compound in animal 
tissues. It IS interesting, however, that in a preliminary examination of 
the unsa])onitial)l(‘ inatt(‘r an attem})t was made to isolate chol(‘sterol from 
the crud(‘ (hot methyl alcohol soluble, cold methyl alcohol insoluble) 
fraction bv ^‘crystallization. Tin* most pure fraction m<*lt(‘d at 135-8' u. 
After removal of contaminatinjj saturated hvdrocarbon by chromatographic 
adsor])tion, how<‘V(‘r (ef. Table \’ll), no ditficultv was found in obtaining 
good yields of almost pur(‘ cholesterol, melting-point M7 

In regard to tin* possible |)resence of otlun* sterols, it nriv be noted that 
the crud(‘ sterol fraction 1)^ was examined .sp(‘ctn»scopically l)v Mr. \V\ S. 
Metcalf of this laboratory. Ergostc-rol and sp(‘ctros(*()pically similar sub- 
stances such as 7-ilehvdrocholesterol wen* not present in amounts greater 
than 1 per c(mt. Wmdaus and Bock(ll) have r(*corde(i that the crude 
sterol of pigskin contains 6 p(*r cent, of 7-d(*hyd7’o(*h()lestcrol. 

Many saturatiMl hvdrocarl)ons are known to occur in ])lant and animal 
fats. Thus noiiacosane has been identihed in the iinsajionifiable matter 
from cacao fat(15) and from cabbage leaf(16). Stranger et, a/. (17) d(*tected 
a saturat(‘d hydrocarbon as *20 per cent, of the choh'sterol-free unsaponifiable 
matter from human liver fat, and Ruzicka et found a saturated 

hydrocarbon, nu*lting-j)oint 51 m the unsaponifiable matter of hog spleen. 
The main fraction of saturated hydrocarbon isolat(*d in the present work 
from ])ig depot fat unsajiomtiable matter approximated in analytical 
characteristics to hexacosane (C_,,.H.,). The melting-)>oint was not sharp, 
however, and it is fairly certain that the fraction was a mixtun* further 
characterizable onlv by x-ray examination. 

The basis for inclusion of “ other liydrocarbons ” in Table XI is the very 
weak adsorption of fractions Tl4i-IIt.j (Table IX) on alumina. Their 
nature is not (‘.stablished ; unsaturation, though high, (1)40, iodine value 
130) did not approximate to that of squalene (iodine value 371) or 
hepene (iodine value 329(17)). Neither of the latter com})ounds were 
identified as hydnxddorides, though it may be noted that Fitel8on(19) 
showed the presi'iic*' in lard of s(|ualene to the extent of 3 mg./ 100 g. 
On the other hand, Dimter(20, 21) states that hejiene and sipialene are 
absent from human and other mammalian body fats and serum fats.. 
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Concerning the unidentified material, it can be said that at least three 
pigments were present as well as several colourless or slightly coloured 
materials. The fractions most strongly adsorbed on alumina (04^5 and 
D410) had low iodine values and possibly contained high molecular weight 
ketones or alcohols, 
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ALKALOIDS OF THE LEGUMINOSAE 

PART XVI- ALKALOIDS OF GENISTA AETHNENSIS DC. 

By E. P. White, Chemical Laboratory, Ruakura Animal Research Station, 
Department of Agriculture, Hamilton 
{Received for publication, 17th October, 1945] 

Summary 

The only alkaloid of seeds of this species is cytisine. Tops of one plant 
gave a steam-volatile fraction (0*6 per cent.) containing some sparteine, but 
mainly retaraine. Another apparently identical plant gave no sparteine and 
only a trace of retamine in the volatile fraction. Samples from both plants gave 
by the ordinary extraction method 0-3-0-7 per cent, of base, consisting of 
retamine, with a small amount of cytisine, and a trace of other cytisine-like 
base. 

Genista aeihiensis DC. was previously reported to contain cytisine in 
fleeds(l), and it is here confirmed that the only base of seeds (0*6 per cent.) 
is cytisine. The presence of much steam-volatile base taken to be sparteine, 
was reported in tops(l ) . The plant formerly used was obtained from Spreydon 
Domain, Christchurch. Further examination of it showed that the steam- 
volatile fraction (about J0*5 per cent.) contained some sparteine, but was 
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mainly the allied base, retamine. Two large sam])les from an a|)j)areTitly 
identical plant from the Botanic Gardens, Christchurch, gav(* very little 
steam-volatile base, which was retamine, with no sparteine. The greater 
part of the “ sfiarteine ” re])orted in this species by Jaretzkv and Axer(2) 
is probably retamim*, as these workers used the steam-distillation method. 

The fractions of alkaloid obtained from both plants hy the ordinary 
extraction method with chloroform (0*3-0*7 per cent.) were identical. The 
“cytisine-like” material jireviously reported(l) is cytisine, constituting 
about a third of the total alkaloid. A trace of cytisine-like base in the mother 
lic|Uors could not la* identifi(*d, and gave no suitabh* derivatives. The 
water-insoluble fraction jireviously reported to have a m.]). 151(1) constitutes 
more than half of the total base. Large (piantities of this fraction ha ve now 
been isolated, purified, and found to be a base, m.j). 

|a]„ + 41 45^ (alcohol), with a solubility l*Hg. in l(K)nil. of alcohol at l?"^. 
These values agree closely with those reported for retamim*.. Other analytical 
data, jiroperties, and reactions were in agreement with those of r(*tamine, 
and thf* presence of an alcoholic grou]) was shown by acetylation, the acetyl 
derivative being a base, imp. about 10^’ 

Retamim*, a hvdroxv sparteine was isolat€*d from tojis of 

GeHista spaerocarpa liani. (Refama spaerocarpn Boiss.) by Battandier and 
Malosse(3), and later by Wunschendorff and Valier(4, 5). It occurs in tops 
of this plant to about OG-O-b per cent., with no other reported alkaloid. 
No known source of the base is available in this country. Another base of 
similar constants is that re])orted by Orechov(6), m.p. 162-4^ [a]i, -p 544° 
(methanol), from Anabasis aphijUa (Chenojiodiacese), in wdnch bases closely 
related to lupanim* were found. 

The slight volatility of n‘tamine in steam has not previouslv been reported. 
The dihydrochloride was jirejiared, m.)>. 298°, the monomethiodide, m.}). 217°, 
and the difucrate dihydrate, m.p. 155-165°. The gold chloride as precipitated 
had a imp. 201 , lowered to 188° on recrvstallizatiom The microchemical slide 
reactions show(*d some similaritv to those of sparteine and monspessulanine. 


Experimental 

Isolation of Bases : h^entijicatioii of Cytisine 

14*3 g. of seeds gave 84 mg. of crude alkaloid, (a]i, — 104 (alcohol), 
entirely soluble in a little water or alcohol. It gave the microchemical 
reactions of cytisine; and the picrate, m.j). 271” (dec.), obtained m a high 
yield showed no de])r(*ssion on admixture with cytisine jjicrate of tin* same 
m.p. 

313 g. of Stl (February), (a mixed sanijile mainly from Christchurch 
Botanic Gardens) gave 2*02 g. of crmie base which was mostly solid and 
insoluble in water. Excess water was added and the susfiension steam- 
distilled. The distillate was acidihed and dried, forming 200 mg. of de- 
liquescent hydrochloride. The base from this formed 99 mg. of semi-solid 
material, [aji^ + 20° (alcohol), having the odour of sparteine. The jiresence 
of sparteine in this base w as established by the slide reactions with potassium 
cadmium iodide, gold chloride, and the bromosalts, the precipitates being 
much less soluble than those of retamine. Recrystallization of the base gave 
retamine. The residue from the steam distillation w^as concentrated to 
20 ml., and the crystalline precipitate, 0*73 g., m.p. 160 1°, was hltered off. 
Recrystallization from hot alcohol gave 0-66 g. of colourless needles, m.p. 
162°. The aqueous fraction was made alkaline and base was recovered by 
extraction with chloroform, as a semi-crvstalline varnish weighing 0*60 g., 
[ct]u — 48° (c = 3*03 in alcohol), and giving the van d(*r Moer reaction. 
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Extraction with a little water left a further 110 mg. of impure retarnine. 
The acpieous solution gave 320 mg. of l)ase, [aj^ — 73^, and with benzene- 
sulphonylchloride and alkali gave 1 10 mg. of benzenesulj)honylcytisine, m.]). 
256^. The mother-liquor again extracted with chloroform gave 130 mg. of 
base, fa]i, -- 74"^ (c 1*32 in alcohol). This base gave the van der Moer 
reaction, but no crystalline derivatives could be prepared from it. 

43 g. of stl (October), (Spreydon Domain) were extracted with 5 per 
cent, hydrochloric acid, made alkaline, and steam-distilled. The distillate, 
containing oily dro])s of the odour of sparteine, was caught in very dilute 
hydrochloric acid and dried, giving 281 mg. of deliquescent hydrochloride, 
[a]i) + 18“ (water). Solutions gave strong reactions of sparteim*, not given 
by retarnine in dilutt* solution. The solution was made alkaline and 
extracted with chloroform, giving 135 mg. of base, a solid, and a dark liijuid 
having the odour of sparteim* and fuming with acid. Tlie picrate was 
jirepared from acjueous solution forming about 2(M) mg. of rods, in.f). Ie53 6°. 
On recrystallization, various fractions melted at 147 158" and did not show 
further depression on admixture with retarnine jucratt*, in.p. 158". 'I’he 
mother-li(|Uor from the steam distillation gave on extraction with chloroform 
281 mg. of base containing retarnine and cytisine. 

319 g. of stl (September), (Christchurch Botanic Cardens) were extracted, 
clarified with lead acetat(‘, inad<* just alkaline, and steam-distilled. The dis- 
tillate was acidified with very (iilute hydrochloric acid and dried when a 
slight residue reniained. This gave feeble niicrochemical r(*actions in 
concentrated solution, gav(* an iodocadmium salt like that of sparteine or 
retarnine, and was conqiosed largely of ammonium chloride. The mother- 
liquor from the steam distillation was (‘xtract(*d with chloroform, giving 
0*90 g. of discoloured base*. 653 g. of the same sanqile, extractcal in the 
normal way, gave 1*47 g. of discoloured crystalline base*. This was combined 
with the ()-90g. lot. The whoh* was ground with watm*, leaving 0*93 g. of 
almost colourless crystals. Ilecrvstallization of this fraction from hot 
alcohol gave 550 mg. of colourl(‘ss rods, m.p. 162 , and from the mother- 
liquors of the recrystallization further retarnine was isolated by ])etrol<*um 
eth(*r extraction. Tlui original water-soluble fraction was extracted with 
chloroform, giving l*18g. of crystalline base, [a]|) -70” (alcohol), mostly 

soluble in a little water. The acpieous solution was shaken with l)(*nzene- 
sul])honylchloride and alkali, the suspension made slightly acid to dissolve 
traces of any water-insoluble base, and 0*98 g. of benzenesulphonylcytisine, 
m.p. 260", was obtained. The mother-lit juor was extra(‘ted with chloroform 
to give 420 mg. of partly crystalline base, fa)|, — 40”. Tin* atpieous solution 
of this base was made alkaline and extracted with petroleum ether, giving 
180 mg. of crystalline base, [ajo 20", mainly retarnine. The solution 
was then extracted with chloroform, giving 160 mg. of varnish-like bast*, 
fa]n — 124", soluble in water and giving the van der Moer reaction. The 
picrate from alcohol was amorphous and could not be crystallized. 

Identification of tJie Retarnine Fractioyi 
Retarnine -- -The base, m.p. 162", was almost insoluble in cold water 
very slightly soluble in hot water, and sparingly in alcohol. It was slightly 
volatile in steam from aqueous or slightly alkaline solution, much more 
volatile in the presence of sparteine. Retarnine has a m.p. ]62"(3), 168°(4), 
and similar solubilities. Analysis gave — 


— 

Found. 

Calculated for 

CijHa.ON,. 

c .. 

72 10 

72 -(K) 

‘ H .. 

10-62 

10-40 

N .. 

110 

11-20 


Methoxy and CH a(N) detorminations were negative ; molecular weight (Hast) =- 228, 
calculated 250. 
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The base had fa]j> + 41“ (e — 0*929 in alcohol), |a]i) + 46“ (e = 0-538 
in alcohol), recorded [a]i) + 43-25“ (c ~ 2-0 in alcohol), [a]j) + 43*18“ 
(c 1 -0 in alcohol)(3). 1 -85 f?. of base formed a saturat(id solution in 100 ml. 
of alcohol at 17', recorded 1-964 g. at 17“(3). The base was soluble in 
petroleum ether, separating from it in needles as re}K)rted for retamine(3). 
The aqueous solution gave no van der Moer reaction, but formed a brown 
])recipitate with ferric chloride. On refluxing with acetic anhydride, an 
acetyl derivative was formed. This was obtained as a thick syrup, m.p. 
about 10°, and had basic properties. Treatment of the bas(* with sulphur 
dioxide for two days, with zinc dust and alkali, or by electro-chemical 
reduction gave no change. 

Hftnnn'ne Dihijdrnchloride. The base was dissolved in excess dilute 
hydrochloric acid and dried. Jiecrystallization from alcohol-acetone formed 
])iatt*s, m.j). 287°. Tin* salt was dried at irM)° for two days, then having 
a m.]). 298°. It gave Cl — 22-6, 22-3 (theory for C j >H2,,0N_,,2HC1 
01 22-0). Retamme is known to form f/?-salts(3). 

RetamiiH* Methiodide. The base in acetone was refluxed with excess 
methyl iodide, forming needles, m.p. 205°. Recrvstallizatioii from hot 
acetone formed rods, in.]). 217°, 216°. Analysis gave 


I Found 

I 


I 

I (’alriilatcd for 

j C,r,H«„OX ..t’H J. 


I .. .. .. 32-7, .32-8 .32-5 

('H,(N) .. ..I .3 (L 3-.3 38 

N ' 7-1 7 11 


Jietamine Dipicrate Dihfjdrate. A slightly acid solution of th(‘ base 
with excess aqueous picric acid formed an ainorjihoiis ])reci])itate, giving 
needle clusters, m.j). 213 , on warming. Recrystallization from water 
gave rods, m.f). 155 , and further from alcohol rods, in |>. 165-7 . .Another 
])reparation from warm acpieous solution gave rods, m.|). 165 , recrvstallized 
from alcohol as rods, m.p. 156°. Melting-points w^re not sharp. There 
was no water loss at 1(M)“. Analysis gave 


I < ’ah‘iilatt‘d for 

roiiiul. iCijll ,«0N2.2('«H 

2 H ,o 


(>2-4 I Ul-.') 

15-0 15-00 


t As nitinn pii-rate 

Retttfiluie Awrivhlorule. — An acid solution of the base with excess gold 
<'hloride formed })risms, a]t])recial)ly soluble in water, m.p. 201-3" (dec.). 
Eecrystallization from very dilute hydrochloric acid (with separation of .some 
gold) gave rods, m.p. 193°, and these further recrvstallized from alcohol 
formed rods, m.p. 189°. The alcohol-recrystallized salt gave .-^u = 37-8 ; 
theory for Cj5H280N2,HAuCl, is 33'4. 


Picric* acjclf . . 
N .. 


Microchemical Slide Reactions of Ketamine 
Slightly acid solutions gave with potassium bismuth iodide an amorphous 
precipitate and with potassium mercuric iodide irregular needle clusters and 
fern-like forms. Potassium cadmium iodide gave crystals similar to those 
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given by sparteine or monspessulanine, curved blades with transverse out- 
growths. Potassium tri-iodide formed only an oil, gold bromide characteristic 
blades or rod clusters, and gold chloride only in concentrated solutions rods 
and prisms, isolated and clustered, rather like those with sparteine. The 
precij)itate with picric acid was amorphous. Mercuric chloride gave a slight 
oily precipitate giving a few small crystals in concentrated solution. 
Potassium mercuric bromide formed in* concentrated solution a few spheroids, 
and the other broino salts gave no precipitates. Potassium ferricyanide 
gave no precipitate even m very concentrated solution. This fact, and the 
higher solubility of retamine precipitates, serve to distinguish this base from 
sparteine. 
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PART XVII. -ALKALOIDS OF VIRGILIA CAPENSIS LAM. 

Summary 

Tops of Virgilia capemia contain 0-5-1 -1 per cent, of alkaloid consisting 
of several bases. 

Virgiline, (\eH 2 flO 2 N 2 , m.p. 248"^, is a new monuacid base, apparently 
related to sparteine, bnt containing an additional C-methyl group, inert keto 
and alcoholic — OH group. A hydrochloride monohydrate, picrate hexahydrate, 
methiodide, and O — acetyl derivative were prepared. It constitutes a third 
of the total alkaloid. 

Virgilidine, is a seini-erystalline base, b.p. 9(P at ca. O-Ol mm., 

and is a d-isomer of lupinine, which it resembles closely. A methiodide and 
picrate were prepared. It constitutes a tenth of the total base. 

About a tenth of tlie total base was obtained as a hygroscopic syrup, 
forming a methiodide and gold chloride of a base C ^ 2 4 ON .j. This and other 

properties were in agreement with a mixture of d^lupanine with some of the 
d-form. 

The remainder of the base formed ill-defined hygroscopic material from 
which nothing ciystallinc could be obtained. 

In the Sophoreae the genus Sophora has been extensively investigated for 
alkaloids, which have been found in about nineteen species. Detailed 
studies have shown many alkaloids allied to cytisine, sparteine, and matrine 
in this genus. Alkaloids have also been found in the genera Ammodendron, 
Jd-sparteine and ammodendrine, a di-N-acetyl piperidylpiperidine with one 
Mu ble bond) AmmothamnuSy Ormosia (ormosine and ormosinine), and has 
Deen detected in Bowdichia. 
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Virgilia is a nionotypic genus. V. capensis Lam. was ])reviously 
repoHed(l) to C'ontaiii in its tops much lupanine-Iike alkaloid. Sulisequent 
investigation of another })lant previously described as Sesftania tripeHi(\) 
showed the alkaloid to be the same as that of Virgilia, and botanical study 
then showed the su])posed Senhania to be a variety of V. capensis. Reference 
to Sesbania(l) should be deleted. 



Preliminary estimations on this species showed values (in terms of 
lupanine, bv titration) stl (February) 1-2, 1*4, 1*1, 0*65, 0*35, st (February) 
0-46, M5, b-94, 1 (February) 0-22, 0-88, 0-62, fls 069. Sufficient seeds for 
chemical study could not be obtained. In the tops four bases were 
recognized, and at least one of these is a new base. 
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Virgiline, ni.p. 247 -8°, fa]j, ■— 46° (alcohol), was separated 

by its slight solubility in acetone and water. It formed a mono-hydro- 
chloride monohydrate, m.]). 262°, a monomethiodide, m.p. 176°, a mono- 
picrate hexahydrate fairly soluble in water, m.p. 188-9°, and a mono-O-acetyl 
derivative, m.p. 174°. It contains only tertiary nitrogen, and is ])robably 
allied to sparteine, containing in addition a C-methyl group, an inert keto 
group, and an alcoholic — OH group. Orechov(2) obtained a base, 
Ci 6T^2 4-2602N2, m.p. 137°, froui Amihasis aphylla, and dilupine, 
of L'upinus harhiger(3) is an amine-oxide of a methyl lupanine. 

A second base, Virgilidine, C^^H^yON, was separated from the nunaining 
bases by fractional distillation, forming a low b.p. (87-94° at O-Ol mm.) 
fraction. It forms a senii-crvstallme syrup, |al,i -\- 12" (alcohol), 
nj; - 1*5128, volatile in steam. The hydrochloride was a syruj)v material, 
the picrate had a m.]). 203°, and the methiodide a m.[). 256 9 . Com|)arison 
is made with lupinine and other known isomers of in Table 1. 

Virgilidine may be d-lu])inine, but there is not suflicient t*vi(h‘nce for 
comparison. The r/-isomer has been obtained by resolution of synthetic 
dMupinine. In miorochemical reactions then* was similarity to lupinine 
obtained from Lupinus Inteun, and it resembled this base further in con- 
taining only tertiary nitrogen and in being capable of acetylation. 

A higher b.p. fraction (138-145° at 0*01 mm.) was composed of a further 
syrupy base retaining traces of moisture and solvents. It had [a]i, | 25° 
(alcohol), formed a varnish-like hvdrochloride, a methiodide 
CH3I, m.p. 253°, and an aurichloride Ci-H 240N2,HAuCl ,, m.p. 193°. 
It is jirobably a mixture of r//-lupanine with some of the r/-form, similar to 
the bases of Podalyria species(4). 

The remaining base (about a third of tin* total) was varnish-likc* and 
hygroscopic, and gave no crystalline derivatives. It could not la* 
identified, and was not lupanine. 


Experimental 

Extraction and Separation of Bases 

Continuous extraction methods were used for all material. The crude 
base from some earlier small-scale investigations on sam[)Ujs from different 
sources was a thick discoloured syrup, [a]i) — 10° to — 25° (alcohol). None 
of these bases gave any colour with ferric chloride, all were sparingly soluble 
in water, and only extractable in jiart by hot h(*xane. No jierchlorate 
could be obtained from perchloric acid and sodium acetate solutions, and 
there was no appreciable steam- volatile fraction. 

2(X)g. of still (February, 1943, from Christchurch Botanic Gardens) 
gave 2*23 g. of crude alkaloid, a syrup [a]© — 12° (alcohol). 1*518 kg. of 
still from the same tree (February, 1944) was extracted in small amounts 
at a time, and 10*2 g. of crude dark base obtained after drying from methanol. 
This was combined with the 2*2 g. lot. The crude base gave no ferric 
chloride colour, was soluble in alcohol, but only sparingly in water and ether. 
The whole was ground with 20 ml. of acetone and allowed to stand overnight. 
The crystalline material remaining was washed with a little acetone. This 
fraction weighed 3*18 g., m.p. 242-4° (dec.), and was designated base “ AP 

The acetone solution on drying gave 8*30 g. of thick syruj), [a]i) + 13° 
(alcohol), A further 0*3 g. of base “ A ’’ was removed by acetone digestion. 
The residual base was soluble in alcohol and acetone, sparingly in ether, 
petrol-ether, and water, and gave no easy separation into its components. 
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It forniod a small yield of methiodido, ni.j). 2ir)-23(f‘, gavt* no perchlorate 
from sodium acetate and })erchloric acid, and a low yield of amorphous 
yncratc of m,]). 55 '. 

5*26 of this fraction was distilled at ap})roximately ()•()] mm. in a small 
efficient fractionating column. Fraction I, b.j). 87- 94”, [a],, + 12” 

(c 1*374 in alcohol), nj; = 1*5128, was a thick syrup weighing 0*88 g., 
designated base " B.” Fraction 11 was a thick syrup, fa|i, - 4 - 14” (c == 1 *26 
in alcohol), n|; l-5()75, weighing 120 mg. It w^as largely base “ B,” 

with which it agreed also in microcheimcal slide reactions and in the m.p. 
of the methiodidi*. It became semi-crystalline on standing. Fraction 111, 
l).p. 138 115”, was semi-solid, [a]„ \ 20 (c = 0-935 in alcohol), 

n j;~ 1-5279, and weighed 0-79 g. The fractionation was sto])])ed after 
this stage, as tin* distillate was semi-solid and wajiild not flow\ Fraction 
IV, 0-82 g., w^as recoyered from the column, and was a dark syru])y material 
almost insoluble in p(‘trol-ether and having a slight optical rotation. 
Fraction V, 2-35 g , w'as the residue in the ilask. It was a dark syruj), 
[ajj) 2 (alcohol). From this about 80 mg. of base '* A ’ were removed by 
acetone. It was almost insoluble in petrol-ether. 

Fractions IV, V, and a ])etrol-ether insoluble part of fraction III were 
combined. Extraction wnth acetone left an appn-ciable amount of dark 
tarr\' non-basic material, and a further amount remained insoluble in dilute 
a-cid. The (‘xtract w^as made alkahn(‘ and extracted wdth chloroform, giving 
l-3g, of a dark varnish, 7‘ (c - 1-27 in alcohol). The hydrochloride 

was only a varnish. Ihcric acid from a(|ueous solution formed an amorphous 
pHTipitate which on drying became black and stick v. The base on ndluxing 
wutli methyl lodidi* in acetone formed only a syrup, wdiich could not be 
obtained crvstalliiK*. 

510 g. of stlfl (.\ugust, 1944, from Wellington) gave similarly 3-bO g. of 
(Tilde base, [a],, —8 (alcohol). Digestion wuth aiadone left 0-38 g. of 
crystals, m.j). 228 , showing no further depression on adinixtur(‘ wuth base 
A.” The ac(‘tom* solution gavt* 2-41 g. of syrupy })as(‘. 


i'haravtvnzaliou of Base " A .* Vinjihoe 

VinjiUiie Base Crude base “ A," m.p. 243 , was iTcrystalliziMl from hot 
acetone containing some methanol in the form of colourl(*ss shining jirisnis, 
m.|). 217-248-5, sintering from 214', [a],) — 4b” (c 1-251 in alcohol). 
Analysis gave 


r 

H 

N 


Hetlioxj andCHaCN) c. 


Found 


('ah ulatni lor 

(',«H,„o,.\y 


<m ii. uu '2 
9-07. n 4 
]() 3, 


an -os 
u:r> 
in-uT 


Virgiline base is sparingly soluble in acetone and w^ater, readily in methyl 
and ethyl alcohol, very slightly in ether and ])etrol-ether. 87-8 mg. of base 
did not dissolve in 5ml. of water; the solution on titration to methyl r(‘d 
required 3*12 ml. of 0-100 n - hydrochloric acid, e(|uival(mt — 281. The base 
was recovered unaltered after refluxing for four hours with alcoholic potash. 
It was also stable to the action of sulphite and acid, and is thus not am 
amine-oxide. 
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Virgiline Monohydrochloride Monohydrate. — The solution from the 
titration was dried, dissolved in alcohol, and precipitated with acetone, 
forming needles and thin rods, m.p. 260“!° (dec.). Analysis gave — 




; Calculated for 




c 

57*5 

57-74 

H 

S-,S 

8-72 

N 

8-3«, 8-2« 

8-42 

01* 

11-2, 11-4 

10-7 


* Mien »t it nit Ion to dicliloroHuoro^ciMn. 


Virgiline Mononiethiodide. - The base in methanol was allowed to stand 
with methyl iodide, but only free base was recovered. The mixtun* was 
refluxed for six hours, dried, and acetone added, when colourless crystals 
formed, m.p. 176°, sintering from 173°. Recrvstallization from acetone 
containing methanol gave small prisms, m.]). 173-4° (with vigorous d(‘coni- 
position). It is readily soluble in water. Analysis gave — 



Found 

Cfilcultilcd 1' 

V.. 

45-7 

45-71 

H 

(>-.5 

<>•9 

N 

<1-80 i 

(i • ()(> 

cn,{N) .. 

3-2 

3-H 

I* 

30-7, 3(1] 

30-2 


• Arjrpntinietrlr with eosm iiidinitoi. 

Virgiline Monopicrate Hemhydrate. — A slightly acid solution of the 
base with excess aqueous jucric acid gave an amorphous precqiilatt* forming 
plates overnight. These were recrystallized from hot water as shining })lates, 
m.j). 188-9°. Analysis gave — 


— 

Found. ; 

1 (’alculatcfl I'tr 

1 (1 H s<). 

N 

Picric acid* 

11-3, 11-2 

38- 1 

nsfi 

37-2 


* Ah nitron pk-rate. 



Monoacetylvirgiline. — Virgiline base was refluxed for four hours with 
excess acetic anhydride. The solution was dried and extracted with water, 
when some dark material remained insoluble. The aqueous solution, which 
was alkaline, was extracted with chloroform. On evaporation of the 
solvent a discoloured solid remained. This was extracted with hot ether, 
when most of the coloured material remained. The recovered solid re- 
crystallized from acetone-ether gave slightly discoloured prisms, sev(‘ral 
fractions of which melted at 174°. Further recrystallization gave colourless 
prisms, m.p. 173-4°, sintering from 170°. Analysis gave — 


— 

Pound. 

(Calculated for 
C,.H,50*N*,(O('Ha. 

N 

8-73 

8*76 

CHgCO* .. 

12-5 

13-4 


♦ Kuhn-Hoth, with 30 per cent, sulphuric acid. 
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Acetv'lvirgilino is a })ase soluble in most organic solvents excej)t j)etrol- 
ether. 

Microchemical Slide Reactions of Virgiline. — A comparatively concen- 
trated solution in very dilute acid was used. Potassium bismuth iodide 
gave a heavy amor})hous })recipitate. Potassium mercuric iodide gave much 
amorphous ]jrecipitate ra})idly changing to needle clusters similar to those 
with cytisine and this reagent. In neutral solution, plate-like rods formed. 
Potassium cadmium iodide gave no immediate })recipitate, but soon formed 
characteristic ])risnis or thin pointed plates, not likt‘ those formed with most 
leguminous bases and this reagent. Picric acid formed only a slight oil, 
mercuric chloride a trace of oil, and potassium tri-iodide a red oil giving some 
large clusters of rods with outgrowths. Gold chloride formed a slight 
amorphous jiret’ipitate, gold bromide an amorphous pnicifiitate soon 
crystallizing to long needles with tufts of fine needles along their length. 
Potassium mercuric and ])otassium cadmium bromides, platinum chloride, 
and ])otassium ferricyanide gave no j)reci])itate. 


Characterization of Base “ ^ Virgiluline 

Virgihdine Base. — Fraction 1, on standing a week, liegan to crystallize, 
but remained only semi-crystalline after a year. Attempted recrystallization 
gave only a syrupy form. The base had a coniine-like odour and was 
volatile in steam, having then a sweet fruity odour like lu])inine. Analysis 
gave — 


Found . 


I’nlculated lt>r 

CioH,,ON 


(’ .. 

70-4, 

70-7 

71-00 

H . . 


11-2 

11-24 

N . . 

H 31 

. S 2S I 

8 • 2S 


Virgilidine was appreciably soluble in cold water, less in hot wat(‘r, and 
soluble in most organic solvents, including f)etrol-ether. 125-4 mg. of base 
were dissolved in water (10 ml.) and titrated with ()-l(X) N-hvdrochloric acid, 
requiring fi*72 ml. for neutralization to methyl red, and an extra 0*3 nil. 
to methyl orangt*, eijuivalent = 176-186, calculated 169. Virgilidine was 
stable to nitrite and dilute acetic acid. On refluxing with benzoyl chloride 
much decomposition took jilace, and benzoylated material was isolated in 
an impure state. 

Virgilidine Hydrochloride.— The solution from the titration was dried, 
and clarified with norite. Only a varnish-like hydrochloride remained, and 
from alcohol-acetone this formed only a syrup. 

Virgilidine Picrate. — The aipieous solution of the h\Tirochlorid(* was made 
slightly acid, and excess picric acid added. An amorjilious jirecipitate 
formed, in.p. 108-11^. It was dissolved in hot acetone and thrown out 
by addition of water as an amorfihous jirecipitate soon giving fine needles 
in clusters, m.j). 203"’ (dec.). Analysis gave - - 


1 

i 

('alculnted lor 
C,oHx„ON,('„H,0,N,. 

Picric acid* . . . . 

57-0 

j 57-5 


♦ As nitron picrate. 
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Virgilidine Methiodide . — Virgilidine in acetone and methyl iodide 
deposited rod clusters rapidly. After standing a day the solution was dried, 
leaving discoloured crystals, in.p. 247-8°. These were dissolved in hot 
methanol, and precipitated as colourless rods hy addition of acetone, rn.]). 
256 -9°. Analysis gave — 



Foiind. 

i'jUcn luted for 
CjoH ,!»0N,CU.,I 

V .. 

42-9 

42-44 

H .. 

7 1 

7-08 

N .. 

4-58, 4-51 

4-50 

T .. 

40-9, 40-0 

40-8 

<’H3(N) .. 

4-5 

4-82 


The methiodide from fraction IT was obtained in high yield (95 mg.), 
and had a m.p. 248°, and showed no depression on admixtun* with 
virgilidine methiodide, ni.]). 257‘'. 

Microrhemical Slide Beaetious of Virgilidine. ~ A slightly acid solution 
gave several fairly insoluble* precipitates, l^itassium bismuth iodide gave 
an amorphous precipitate forming some prisms in clusters. Potassium 
mercuric iodide gave only an oil, [)otassium cadmium iodide an oil forming 
i3ome rod clusters, (lold chloride formed a slight oil giving spheroids, 
needle and plate clust(‘rs : gold bromide gave an amorjihous precipitate* 
forming small spheroids, seime composeel eif fine* iK*eelles. Pe)tassiuin tri- 
'iodide formeel emly an oil ; mercuric chloride, picric acid, platinum chle)ride*, 
potassium mercuric and ])otassium (;aelmium bromieles, little*, if any, 
precipitate. Fractiein 11 gave very similar re^actieins. The*re* was cem- 
siderable resemblance to the re»a(*tie)ns of /-lupinine*, the* latte*r alkaloid 
forming some crystals with peitassium mercurie* iodiele anel peitassiiim tri- 
iodide, while the either reactiems were not particularly eliffe*rent fremi theise* 
of virgilidine. 


Jurestigation of Fraction 111 
The Base . — Analysis of this fraction gave - - 


Founil. 


( 'alculutfHl for 


C .. 
H .. 


70-4 
10- 1 


72-58 

9-67 


The base was extracted with acetone, when an appreciable* arneiunt of 
sticky material insoluble in alcohol and acids remained. The solution 
was dried and extracted with hot petrol-ether. The slight dark residue 
was mixed with fraction IV. The jiurified base, 0*49 g., was a t hick syrup, 
25° (c ™ 1-032 in alcohol), iPj; = 1*5288. It was soluble in petrol- 
ether and other organic solvents, moderately in water. Analysis gave 
C = 68*3, H 9*6, N = 8*7, 8*7, indicating retention of moisture and 
solvent. 92*0 mg. of the base was not completely soluble in 10 ml. of water, 
and to methyl red indicator required 3*45 ml. of 0*100 N-hydrochloric acid, 
equivalent = 266, calculated for lupanine = 248. The hydrochloride was 
not crystalline. 
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Fraction III Methiodide. The base in acetone and m(*th yl iodide deposited 
crystals rapidly. Aft(*r standing overnight the ])recif)itate was recrystallized 
from acetone-methanol, forming small prisms, m.p. sintering from 

24fV^ Analysis gave- 


Foiind 


Calculated lor 
<\.H,,()X2CH J. 


(’ .. 
H .. 


N 


r .. 


(iT) 

7*1 

:i2*o, 3M) 
3*5 


4‘L23 
S‘‘)2 
71S 
32 -T) 
3S 


The methiodide, mixed with that of virgilidine, melted from 225°. 

Fraction III Picratc. -An aijiieous shghtlv acid solution of the liase with 
exc(*ss picric acid gave a slight amorphous precipitati' going oily on warming. 
The precijjitate was dissolv^ed liy addition of alcohol, but on (‘vaporation of 
the alcohol gave only an oil. Alcoholic solutions gave no precipitate. 

Fraction III Aanchlorlde. — Th(‘ aipieous solution of the hydrochloride 
was acidified and (*xcess gold chloride added. The amorphous oily ])reci])itate 
slowly crystallized to small prisms, m.p. 185°. Kocrystallization from dilute 
hydrochloric acid gave, witli slight reduction to gold, prisms and spheroids, 
m.f). 192-4’, sintering from 170°. Analysis gave-- 


Foimtl. 


Calculated Idp 
C'lftH .iOX.,HAuCl ,. 


C 

H .. 

N .. 
Au 


.30-0 
4*1 
4 r» 
,3() 0 


3()*()1 
t 25 
4 •71) 
33-5 


Microc/icinical Slide Reactions of Fraction II J. Most reagents formed 
sparinglv soluble ju’ecijntates with dilute acid solutions of the liase. Nearly 
all wen* amorphous or oily, only the gold liromide forming slowly some 
s])heroiils. No precijiitates were obtained with imucuric chloride or the 
bromo salts, and only a slight amorphous jirecijiitab* with [licric acid. 
Th(*se reactions wen* similar to those of lupanine. 


AcK NO W LEDGMENTS 

Thanks are due to T)r. E. Thomas, Wellington, and th(* Director, Botanic 
Glard(*ns, Christchurch, for fiermission to remove sa.m[>h*s of this plant. 
A micro carbon-hydrogen determination on virgiliiie base is due to 
Mr. C. L. Carter, tJniv(*rsity of Otago. 
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NOTE ON TYROGLYPHID MITE SPECIES ON 
CHEESE IN NEW ZEALAND* 

By Phvllis L. Robertson, Entomology Division, Plant Research Bureau, 
Department of Scientific and Industrial Research, Nelsoji 
[Heceivpd foi pMiratkmy 2oth January, 1940.'] 

In the course of au .investigation into methods for the protection of 
cheese from mite attack under wartime storage conditions in Xew Z(*a]and, 
a survey has been made of the mite species found in factory curing rooms 
and bulk cool stores in this country. The majority of factory curing rooms 
examiiu'd have b(*eii without temperature control and have gcnierally l)e(m 
found to harbour mite infestations, ])articularly on reject che(‘s(*, which 
is often retained and left undisturbed for many months. Th(‘ following 
species of Tyroglyfdiid mites have been recorded from facton(‘s 

(1) T (jrophagus longior ((Jerv.), which was referred to, iindin* th(‘ generic 

naiiK* Tyroglg}ihm, by W. F. Findlay(l) as causing cheese-mite 
itch in Xew Zealand during the 191 4- IS war. In 1940 a mite 
sample from cheesi* in this country forwanh'd by the Entomology 
Division to th(‘ Imperial Institute of Entomologx was identified 
as Tgroglgphus (hntidiatus Herm. (— lopgior (ler\.).” The 
species is of w^orld wide distnbution aiul has undergone numerous 
changes in synonymy. Prior to the recimt investigations it was 
the only mite sjiecies known to attack cheese m Xew Z(*aland. 

(2) Tgrohchvs mml (Ouds.), fornuTly Tgrogh/phus .sin) L., known in 

Europe as the common cheese- rnit(‘, wdiich lias not jin'viously 
been recorded in New^ Zealand. 

In Imlk cool stores, wliere ex]»ort cheese may b(‘ held for some months 
generally at temperatures between 40 'f. and 50 f., a different series of 
mite species is involved in infestations. Hen* tin* following Tvrogly})hids 
have been recorded : — 

(1) Tyroglyphus farvriav (L.), the flour-mite, a common pest of cereals. 

This species may exist on the mould which is generally found 
in association with infestations in cool stores, although, in the 
laboratory, a colony has jiroved capabhi of establishment and 
development over a period of several months on th(? surface of 
fresh, unmoulded cheese. 

(2) Glycyphagus (s. str.) domesticus (de (leer), a species regarded as 

secondary and probably living on mould. 

(3) Glycyphagus (Lepidoglyphus) destructor (Schr.) Ouds., which has 

similar food habits to those of G. dowesticus. 

Only a few isolated specimens of Tyrojihagus longior Gerv. have been 
observed on cheese in cool storage. 


Reference 

(1) Findlay, W. F, (1921) : N.Z. J. Health and Hosp.y 4, 57-60. 

♦ XoTB. — The full paper will appear in the Transactions of the Royal Society of New 
Zealand, September, 1946. 
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